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REMARKS 

Claims 1-3 and 5-14 are pending. Claim 4 is cancelled without prejudice 
to the prosecution of its subject matter in other patent applications. Neither the 
amendments nor the new claims constitute new matter. 

Claims 1-2 and 4-1 1 are rejected under the first paragraph of 35 U.S.C. § 
112, because, according to the Examiner, the specification does not enable any person 
skilled in the art to which the invention pertains, or with which it is most nearly 
connected, to make and use the invention commensurate with the scope of these claims. 

Claims 1-11 are rejected under 35 U.S.C. § 103(a) as being rendered 
obvious by Taylor et al (Taylor et al. 9 Blood 1997;89:4078-4084) and Coller et al 
(Coller et al., Haemostasis 1996;26:285-293) in view of Friedlander et al (Proc. Natl. 
Acad. Sci. USA 1996;93:9764-9769) and Brooks et al (United States Patent No. 
5,753,230). 

Applicants respectfully traverse the Examiner's rejections of the 
aforementioned claims for the reasons set forth below. 

I. The Claims Are Enabled Under The First Paragraph Of 35 U.S.C § 112 

Claims 1-2 and 4-1 1 are rejected under the first paragraph of 35 U.S.C. § 
112 because, according to the Examiner, the specification does not enable any person 
skilled in the art to which the invention pertains, or with which it is most nearly 
connected, to make and use the invention commensurate with the scope of these claims. 
Specifically, the Examiner contends that the specification is enabling for methods of 
administering monoclonal antibodies which bind to the integrins oc v p3 and am,P3 wherein 
the monoclonal antibody is 7E3 or a mouse/human chimera thereof, but is not enabling 
for methods employing any other antibodies. The Examiner contends that the 7E3 
antibody has.the unique property of binding and acting as an antagonist of both a v p3 and 
anbp3 integrins, citing, as contrasting examples, 10E5 (which binds to both integrins but 
is not an antagonist) and LM609 (which binds to and antagonizes oc v p3 but not aiibp3). 

In response, Applicants repeat arguments offered in the parent of the 
instant application, that methods of identifying molecules that bind to and antagonize the 
recited integrins were standard techniques known in the art, such that no invention would 
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need to be made in order to identify an immunoglobulin or fragment thereof that 
antagonizes ot v P3 and ain>P3 . 

There is no reason to conclude that 7E3 is the only possible antibody to 
combine binding and antagonism to a v p3 and oti[bp3 integrins. The fact that AP3 and 
LM609, both cited in the instant application, lack both properties is not relevant to the 
likelihood of finding both activities in a single antibody; AP3 and LM609 were used as 
controls in the working examples and would be expected to differ in their functionalities. 

In addition, to advance the prosecution of the claims, claim 1 has been 
amended to incorporate a further set of characteristics, as recited in original claim 4, 
providing further criteria to identify immunoglobulins and immunoglobulin fragments 
which may be used according to the invention. This amendment is made without 
prejudice to the prosecution, in other patent applications, of subject matter excluded from 
the claim by amendment. 

For the foregoing reasons, it is requested that the rejection of the claims as 
unenabled be removed. 

IL The Claims Are Not Obvious Under 35 U.S.C. § 103(a) 

The Examiner has rejected Claims 1-1 1 under 35 U.S.C. § 103(a) as being 
rendered obvious by Taylor et al (Blood 1997;89:4078-4084; "Taylor") and Coller et al 
(Haemostasis 1996;26:285-293; "Coller") in view of Friedlander et al (Proc. Natl. Acad. 
Sci. USA 1996;93:9764-9769; "Friedlander")) and Brooks et al (United States Patent 
No. 5,753,230; "Brooks"). Specifically, the Examiner asserts that Coller teaches that 7E3 
and related molecules inhibit a v p3 and an b P3; that Taylor teaches the use of 7E3 and 
related molecules, in the claimed dosages and routes of administration, for protection of 
baboons against microangiopathic hemolytic anemia and microvascular thrombotic renal 
failure; that Friedlander teaches the involvement of a v P3 and ocnbP3 in angiogenesis and 
macular degeneration and the use of integrin antagonists as anti-angiogenic agents; and 
that Brooks teaches that angiogenesis is important in a wide range of clinical diseases, 
and that inhibitors of ct v P3 can inhibit angiogenesis. Thus, according to the Examiner, one 
of ordinary skill would be able to combine the teachings of Taylor et al with the other 
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teachings cited above to extend the findings of Taylor et al. to cover the treatment of 
angiogenesis and related diseases. 

Applicants assert that the claims are not obvious over the cited references, 
because there is no basis to combine the cited references to achieve the claimed 
invention. Moreover even if, for the sake of argument, the references were combined, 
they would teach against the claimed invention. 

The disclosure of Taylor would not provide any motivation to the skilled 

artisan to use the 7E3 antibody, or any other antibody having antagonism to a v p3 and 

otnbP3, to inhibit angiogenesis in a subject. The diseases addressed in Taylor, diffuse 

intravascular coagulation, thrombotic thrombocytopenic purpura, and hemolytic uremic 

syndrome are all disorders of the blood coagulation mechanism itself. Taylor expressly 

states the reason for using 7E3 antibody: 

Since platelets have been implicated in mediating at least in part the tissue 
damage associated with all three of these syndromes, we evaluated the 
effect of treating animals with a potent antiplatelet agent, the F(ab')2 
fragment of the murine monoclonal antibody (MoAb) 7E3, which binds to 
platelet glycoprotein (GP) Ilb/IIIa receptors and inhibits platelet 
aggregation. 

Taylor concerns the treatment of coagulation disorders with an antibody known to inhibit 
platelet-mediated coagulation. There would be no motivation to look^ from Taylor, to 
angiogenesis-related references. 

For example, there would be no reason to look to Friedlander, which deals 
with inhibition of angiogenesis in retinal disorders. Friedlander uses a cyclic peptide 
antagonist of ct v p3, and does not teach the use of monoclonal antibodies. Moreover, it 
does not relate to antagonism of otnbp3 on platelets. There would be no reason to combine 
Taylor with Friedlander. 

Brooks, while teaching the use of monoclonal antibodies, relates to 

inhibition of angiogenesis by antagonism of a v P3, . and teaches against the use of agents 

that also inhibit otnbP3 (at column 3, lines 22-25): 

In a particularly preferred embodiment, the ot v P3 antagonist . . . does not 
substantially inhibit binding of fibrinogen to anbP3. 
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As Taylor requires antagonism of 0^03, there would be no motivation to combine Taylor 
with Brooks, as Taylor uses 7E3 for its <Xnbp3 antagonism properties. 

Coller relates to the anti-thrombotic effects of otnbP3 antagonists, including 

7E3. 

Applicants respectfully contend that the Examiner has used Taylor to 
supply antagonism of otubp3 to the Friedlander and Brooks references, using Coller as a 
general reference for 7E3, when there is no other logical reason to combine them. A 
combination of prior art features will only be deemed obvious if the prior art references 
contain a suggestion for so combining their teachings; the hindsight afforded by the 
invention cannot be used to negate its insight. In re Fine, 837 F.2d 1071, 1075 
(Fed.Cir.1988). 

Further, if the references were, for the sake of argument, combined, the 
sum disclosure would teach away from the claimed invention, because Brooks teaches 
that oc v P3 antagonists preferably lack anti-an b P3 activity. 

Applicants further invite the Examiner's attention to the following post- 
effective filing date (June 4, 1998) publications, which are also listed in the 
accompanying Supplemental Information Disclosure Statement and PTO 1449 form. 

First, Coller, "Potential non-glycoprotein Ilb/IIIa effects of abciximab," 

Am. Heart J. 1999; 138:S1-S5 ("Coller 2"; Exhibit A), discloses that in addition to 

binding to a v p3 and ctnbp3 , 7E3 also binds to an activated form of the (XMp2 

receptor. This publication further includes the statement: 

Animal model data support the potential novel utility of a v p3 blockade in 
other disease states, such as sickle cell disease, and the inhibition of tumor 
angiogenesis, raising the possibility that abciximab may be useful for 
preventing sickle cell adhesion and inhibiting tumor angiogenesis. 
However, even if these preliminary animal data are confirmed in humans, 
it will remain to be established whether abciximab, with its additional 
glycoprotein Ilb/IIIa [am>P3] blockade effect, will prove more beneficial 
than selective a v P3 blockade. 

A slightly later publication, Cohen et al., "Potential Future Clinical 
Applications for the GPIIb/IIIa Antagonist, Abciximab in Thrombosis, Vascular and 
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Oncological Indications," Pathol. Oncol. Res. 2000; 6(3):163-174 ("Cohen"; Exhibit B) 

discusses the rationale for an anti-angiogenic effect of antagonism to GPIIb/IIIa (am>P3 ) ! : 

In addition to facilitating hematogenous metastasis, platelets may also 
participate in angiogenesis and growth of primary and disseminated 
tumors. Pinedo and Folkman have postulated that a true anti-angiogenic 
therapy must target platelets. 2 Platelets contain one of the largest stores 
of angiogenic and mitogenic factors, and with a circulating half-life of ~5- 
7 days [citation], they could provide tumors with a continuous supply of 
growth factors. Tumor vasculature is leaky and extravasated fibrin(ogen) 
that is deposited on the tumor surface can provide an ideal substrate for 
platelet binding. Platelet granules contain a variety of factors such as 
VEGF, PDGF, TGF-p, and fibrinogen, and these modulators are 
immediately secreted after platelet activation. Abciximab can block 
platelet aggregation and adhesion to fibrin(ogen), and it also inhibits 
platelet degranulation. By blocking granule release, abciximab inhibits 
secretion of serotonin, TGF-p, PDGF AB 3 and VEGF. 4 Most of these 
factors have been implicated in various steps of tumor progression and 
metastasis. VEGF is one such angiogenic factor that is stored in large 
amounts in circulating platelets. Abciximab inhibits ADP-stimulated 
platelet secretion of VEGF. 5 In addition, tumor cells also induce platelets 
to secrete VEGF and this secretion is also blocked by abciximab. 
Blockade of VEGF secretion by abciximab is due to its ability to inhibit 
both platelet aggregation and tumor-cell platelet binding that is mediated 
by ot v p3 and platelet GPIIb/IIIA [04^3]. It is tempting to speculate that 
when administered to patients with cancer, abciximab could directly block 
ot v P3 and GPIIb/IIIa [a n bp3 ] function and indirectly block VEGF function. 
This multi-receptor binding of abciximab may distinguish it from other 
anti-angiogenic antagonists that are unable to inhibit platelet GPIIb/IIIa. 
However, the safety of this dual effect of abciximab remains to be defined. 

Trikha et al., ""Platelets and Cancer: Implications for Antiangiogenic 
Therapy," Seminars in Thrombosis and Hemostasis 2002; 28:39-44 ("Trikha 1"; Exhibit 
C), while continuing to express caution regarding use in human patients, further 
discloses the observation that platelets, in in vitro models of angiogenesis, stimulate 
sprouting of endothelial cells that can be blocked by GPIIb/IIIa (oc v p 3 and 0^3) 



Cohen, paragraph bridging pages 165-166. 

2 Cohen citing Pinedo et al., Lancet 1998; 352:1775-1777. 

3 Cohen citing Chronos et al., Eur. Heart J. 1999; 1S:E1 1-E17. , 

4 Cohen citing Amirkhosravi et al., Platelets 1999; 10:285-292, MChle et al., Proc. Natl. Acad. Sci. 
U.S.A. 1997; 94:663-668 and Maloney et al., Am. J. Physiol. 1998; 275:H1054-H1061. 

5 Cohen citing Maloney et al., Am. J. Physiol. 1998; 275:H1054-H1061. 

6 Cohen citing Amirkhosravi et al., Platelets 1999; 10:285-292. 
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antagonists. 7 Trikha 1 further refers to experimental evidence that 7E3 has 

antiangiogenic and antimetastatic effects in vivo: 

A few studies suggest that combined blockade of platelet 
GpIIb/IIIa[anbP3] and the angiogenic ot v p3 integrin is superior to blockade 
of just a v p3 integnn. Abciximab is distinct from eptifibatide and tirofiban 
as it binds and blocks both GpIIb/IIIa and ot v p3 integrin with equivalent 
affinity. Recent in vivo findings suggest that mE3(F(ab')2 has both 
antiangiogenic and antimetastatic properties. 9 These studies support the 
idea that antiplatelet therapy is also antiangiogenic. 

Finally, Trikha et al., "Multiple Roles for Platelet GPIIb/IIIa and ot v p 3 

Integrins in Tumor Growth, Angiogenesis, and Metastasis/' Cancer Res. 2002; 62:2824- 

2833 ("Trikha 2"; Exhibit D) reports experiments that show that the antitumor effect of 

m7E3F(ab f )2 was greater when both GpIIb/IIIa an b p3 and ot v p3 , rather than oc v p3 alone, 

were blocked. Trikha 2 addresses data in which, as in the working examples of the 

instant specification, LM609 and 7E3 had similar anti-tumor effects in a SCID mouse 

model. Trikha 2 states: 10 

Regular administration of LM609 significantly inhibited growth of a v P3 - 
negative tumors by blocking the growth of human blood vessels. Because 
LM609 does not cross-react with mouse integrins, its anti-angiogenic 
activity was attributed to blockade of human ct v p3 receptors in the 
vasculature of the human skin. A subsequent study using the murine IgG 
equivalent of c7E3 Fab (m7E3 IgG) in the same model achieved similar 
results as LM609. 11 Similar to LM609, 7E3 does not cross-react with 
murine integrins; therefore, it inhibited growth of human tumors by 
blocking human ct v p3 in the vasculature of the human skin. In these 
studies, a partial inhibition of tumor growth was observed, and the 
combined effect of blocking tumor cell-expressed a v p3 and endothelial 
cell-expressed a v p3 was not evaluated.. . . One purpose of our study was 
to evaluate whether combined blockade of host and tumor cell-expressed 
integrins was superior to blockade of tumor cell-expressed integrins in 
vivo. 



Trikha 1 at page 41, citing Trikha et al, Proc. Am. Assoc. Cancer Res. 2000; 42:824 Abstr. 3678. 



Trikha 1 at page 42, citing Trikha et al, Proc. Am. Assoc. Cancer Res. 2000; 42:824 Abstr/ 3678. 



Id. 

10 Trikha 2 at page 2824. 

11 Trikha 2, citing Varner et al, Angiogenesis 1999; 3:53-60. 
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Specifically, Trikha 2 reports that in their experiments, in SCID mice, m7E3F(ab f )2 only 
partially inhibited the growth of human melanoma tumors. "Because c7E3 and 
m7E3F(ab')2 do not cross-react with murine integrins, this inhibition of metastasis and 
tumor growth is attributable to direct blockade of human a v p3 integrins. 1 ' 12 In contrast, 
in nude rats, "where m7E3F(ab , )2 simultaneously binds to both human tumor and host 
platelet GPIIb/IIIa[aubp3] and endothelial ct v P3 integrins" m7E3F(ab')2 "completely 
blocked human tumor formation and growth of human melanoma tumors." 13 Trikha 2 
concludes that: 

In this rat xenograft model, which mimics the clinical situation, combined 
antiangiogenic and antitumor activity of m7E3F(ab f )2 was superior at 
inhibiting tumor growth when compared with its antitumor activity in the 
mouse xenograft model. 

Thus, post-effective filing date publications indicate that in contrast to the 
combined teaching of the cited references, which teach that antagonism to ocnbP3 is 
detrimental, the dual antagonism toward ot v P3 and anbP3, in particular as exhibited by 
7E3, has improved anti-angiogenic activity. 

Therefore, for all the foregoing reasons, the references do not render the 
claims obvious, and the rejection should be withdrawn. 



12 Trikha 2, Abstract. 



13 



Id. 
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CONCLUSION 

Based on the foregoing remarks and in light of the amendments, Applicants 
submit that the present application is in condition for allowance. A Notice of Allowance 
is therefore respectfully requested. , 

If a telephone interview would be of assistance in advancing the 
prosecution of the subject application, Applicants' undersigned attorney invites the 
Examiner to telephone at the number provided below. 

Respectfully submitted, 




Lisa B. Kole 

Patent Office Reg. No. 35,255 



Attorney for Applicants 
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The antithrombotic effect of abciximab is believed to be primarily due to its blockade of platelet glycoprotein llb/llla recep- 
tors, leading to the inhibition of platelet aggregation. Studies have, however, identified that antibody 7E3, the parent mole- 
cule of abciximab, and/or abciximab itself, binds to both "activated" aM|32 receptors and aVp3 receptors. Because 
aMP2 receptors are present on granulocytes and monocytes, cells that have been implicated in contributing to atherosclero- 
sis, intimal hyperplasia after vascular injury, reperfusion injury, and thrombin generation, it is possible that some of abcix- 
imab's effects relate to this reactivity. Similarly, because, aVP3 has been implicated in platelet adhesion to osteopontin, inti- 
mal hyperplasia after vascular injury, and platelet-mediated thrombin generation, it is possible that some of abciximab's 
beneficial effects relate to this reactivity. Blockade of aV(}3 receptors may also be beneficial in other disease states 
because, in animal models, such blockade inhibits tumor angiogenesis and sickle cell adhesion to blood vessel endothelium. 
Despite these intriguing observations, there are no direct data to support any beneficial roles or any unwanted side effects 
related to the reactivities of abciximab with "activated" aMp2 or aVP3 receptors. (Am Heart J 1 999; 1 38:S1-S5) 



The murine monoclonal antibody 7E3 and all of its 
derivatives that have been used for in vivo studies (7E3- 
F[ab'] 2 , 7E3 Fab', chimeric 7E3 Fab [c7E3 Fab; abcix- 
imab (ReoPro)]) bind to the platelet glycoprotein 
Ilb/IIIa receptor and inhibit platelet aggregation 
induced by all of the physiologic and pathologic ago- 
nists thought to act in vivo. 12 This glycoprotein Ilb/IIIa 
antagonist activity was the basis of its development as 
an antiplatelet agent to prevent and treat platelet-medi- 
ated thrombosis in the cardiovascular system. In the 
course of its development, however, it was discovered 
that 7E3 also reacts with 2 other integrin receptors: the 
aVp3 "vitronectin" (CD51/CD61) receptor^ 4 and an 
activated form of the 0tMp2 (Mac-1; CDllb/CD18) 
receptor 5 (Figure 1). The glycoprotein Ilb/IIIa and aV(i3 
receptors share a common P subunit (glycoprotein Ilia 



From Samuel Bronfman Department of Medicine, Mount Sinai School of Medicine. 
Supported in part by grants 1 9278 and 54469 from the National Heart, Lung and 
6/000* institute. Dr. Coller is on inventor of obciximob and, in accordance with fed- 
eral law and the Patent Policy of the Research Foundation of the State University of 
New York shares in royalties paid to the Foundation for the sale of abciximab. 
Reprint requests: Barry S. Coller, MD, Department of Medicine, Box II 1 8, Mount 
Sinai School of Medicine, One Gustave L levy Place, New York, NY 1 0029. 
Copyright © 1 999 by Mosby, Inc. 
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or P3) and thus are from the same integrin subfamily, 
whereas aMP2 is from another subfamily. The basis of 
the crossreactivity of 7E3 with these 3 different. recep- 
tors is not known with certainty, but a common motif 
termed a metal ion-dependent adhesion site structure 
has been identified in both the P3 subunit 6 * and the 
inserted domain of the ctM subunit. 9 Recently Plescia et 
al 9 identified peptides in the aM metal ion-dependent 
adhesion site domain to which 7E3 can bind. 

Because the aVp3 and ocMP2 receptors have been 
implicated in a number of different physiologic and 
pathologic processes, it is appropriate to consider 
whether any of the observed effects of abciximab are 
due to these additional reactivities and whether the 
effects of abciximab on these other receptors either 
pose concerns about toxicity or provide new therapeu- 
tic opportunities. 

The ocMp2 receptor 

The aMp2 receptor is present on granulocytes, mono- 
cytes, and natural killer cells. 10 It can undergo a confor- 
mational change when these cells are stimulated with 
several different agonists, including adenosine diphos- 
phate and the bacterial peptide formyl-methione- 
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Reported reactiviHes of antibody 7E3. The reaction of aMP2 
requires activation of the aMp2-containing cells. 



leucine-phenylalanine. 5 Several ligands bind to otMp2, 
including the complement opsonin, iC3b; the cell-asso- 
ciated counter-receptor, ICAM-1; fibrinogen; coagula- 
tion factor Xa; and a ligand on neutrophils. 1 1-13 aMP2 
contributes to a number of important biologic phenom- 
ena including adhesion to and transmigration across 
endothelium and epithelium, neutrophil aggregation, 
and neutrophil chemotaxis and binding to and phago- 
cytosis of opsoni2ed particles. 1013 

Monocytes have been implicated in contributing to 
atherosclerosis and intimal hyperplasia after vascular 
injury, and the aMP2 receptor may be important in 
mediating the contributions of monocytes to these phe- 
nomena. 14 * 16 Moreover, aMp2 expression on mono- 
cytes and neutrophils is increased at the time of 
myocardial infarction and remains elevated for at least 1 
week. 17 A number of in vitro studies conducted by 
Altieri and Edgington, 5 Plescia et al, 9 and Simon et al 18 
demonstrated that 7E3 can inhibit the interactions of 
activated monocyte-like cells with known aM^2 ligands 
and the adhesion of such cells to injured rabbit blood 
vessels. Granulocytes have been implicated in reperfu- 
sion injury, a process that results in low or no flow as 
the result of microvascular occlusion secondary to 
endothelial cell injury. 10 Blockade of the <xMp2 recep- 
tor mitigates such injury in experimental models. 1019 
Platelets have also been implicated in mediating reper- 
fusion injury; blockade of platelet glycoprotein Hb/IHa 
receptors diminishes the reperfusion injury in the cere- 
bral circulation in a mouse model. 20 

It is possible therefore that the blockade of the acti- 
vated conformation of aMP2 by abciximab may have 
beneficial effects on several phenomena that may 
improve the therapy of cardiovascular disease. It is 
important to emphasize, however, that it is unclear 



whether aM^2 adopts the conformation that abciximab 
is capable of binding to during physiologic or patho- 
logic processes, and flow cytometry studies of whole 
blood obtained from patients receiving abciximab ther- 
apy have not identified circulating abciximab-coated 
monocytes or granulocytes. 21 Because aMp2 function is 
considered important in host resistance to infection, 
there is a theoretic risk that abciximab may increase the 
likelihood of the development of infection. To date, 
however, such a predisposition has not been reported. 

The otV{33 receptor 

The aVP3 receptor was originally designated the vit- 
ronectin receptor, but it also binds fibrinogen, von 
Willebrand factor, osteopontin, and other ai^inine- 
glycine-aspartic acid-containing ligands 22 The P3 sub- 
unit is identical to glycoprotein Ilia and the aV subunit 
is highly homologous to the allb subunit. 22 aVP3 is 
expressed at high density on osteoclasts and some 
tumors and at low density on endothelial cells, smooth 
muscle cells, and other cells. 22 Trace amounts of aVP3 
are present on platelets (approximately 100 aVp3 recep- 
tors per platelet compared with 100,000 glycoprotein 
nb/IIIa receptors). 4 Activation of endothelium during 
arigiogenesis appears to result in increased aVp3 expres- 
sion. 2 ^ 26 Similarly, in animal models, smooth muscle cell 
aVP3 receptor expression increases dramatically after 
vascular injury, including those smooth muscle cells in 
the neointima, for a period of 7 to 14 days. 27 * 28 

The aVP3 receptor has been implicated in a variety 
of functions including bone resorption, tumor invasion 
and metastasis, and cell adhesion and spreading. 22 26 ' 29 
Some of the potential roles for the aVP3 receptor with 
regard to thrombosis and vascular phenomena are dis- 
cussed. 

Activated platelets 

aVP3 receptors on activated platelets have been 
implicated in platelet adhesion to osteopontin, which is 
present in atherosclerotic plaque, 27 and in platelet- 
mediated facilitation of thrombin generation. Thus Ben- 
nett et al 30 demonstrated that antibody 7E3 can inhibit 
adhesion of activated platelets to osteopontin. 
Moliterno et al 31 demonstrated that abciximab treat- 
ment prolongs the activated coagulation times of 
patients undergoing heparin therapy, and we were able 
to simulate this phenomenon in vitro by adding abcix- . 
imab to anticoagulated blood. 32 To further study this 
phenomenon, we analyzed the effect of 7E3 on throm- 
bin generation in a reconstituted system. We found that 
murine 7E3 and abciximab could inhibit platelet-medi- 
ated thrombin generation induced by tissue factor. 33 
Although much of the inhibitory effect of 7E3 on ^ 
thrombin generation is ascribable to the blockade of 
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glycoprotein Ilb/HIa receptors, studies with other mon- 
oclonal antibodies and peptide inhibitors and studies of 
the jplatelets of patients with Glanzmann thrombasthe- 
nia suggested that some of the 7E3 effect is due to the 
inhibition of aVP3. 33 Subsequent studies by Byzova and 
Plow 34 demonstrated that prothrombin could bind to 
glycoprotein nb/nia and activated ctVP3, 35 providing 
additional mechanistic information on the roles of gly- 
coprotein nb/DIa and aVp3 in generation of thrombin. 

Endothelial cells 

<xVp3 receptors on endothelial cells have been impli- 
cated in tumor angiogenesis 24-26 and the adhesion of 
sickle cells to endothelial cells. 36 In preliminary studies, 
we have demonstrated that antibody 7E3 can inhibit 
tumor angiogenesis in a mouse model 37 and the adhe- 
sion of human sickle cells to the endothelium of platelet- 
activating factor- treated rat postcapillary venules. 38 

Smo th muscle cells 

ocVP3 receptors on smooth muscle cells have been 
implicated in intimal hyperplasia after vascular injury, and 
this may potentially contribute to "restenosis." 27 28 ' 39 ' 40 

A number of animal model studies have demonstrated 
that <xVP3 blockade can prevent intimal hyperplasia 
after vascular injury. 27 * 40 - 44 Thus the data from the Eval- 
uation of 7E3 for the Prevention of Ischemic Complica- 
tions (EPIC study), indicating a reduction in clinical 
restenosis in patients treated with abciximab, generated 
considerable interest in a potential role of ocVP3 block- 
ade by abciximab as contributing to the observed bene- 
fit 45 Several clinical trials have not, however, con- 
firmed an effect of abciximab on restenosis, 46 - 47 casting 
doubt on any potential role of aVp3 blockade by abcix- 
imab. However, since the upregulation of otVP3 recep- 
tors on smooth muscle cells persists for 1 to 2 weeks 
after vascular injury in animal models, 27 - 28 the current 
duration of treatment with abciximab (12 hours) is 
probably inadequate to fully test whether abciximab, 
operating through ccVP3 blockade, can diminish intimal 
hyperplasia. The increased use of stents as part of per- 
cutaneous coronary interventions makes it particularly 
important to define the role for aVp3 in intimal hyper- 
plasia, because the primary mechanism of stent resteno- 
sis involves intimal hyperplasia, with little or no contri- 
bution from elastic recoil or wound contraction. 27 
In this regard, recent data from the Evaluation of 
Platelet nb/ffla Inhibitor for Stenting (EPISTENT) trial 
have demonstrated an 18% reduction in target vessel 
vascularization at 6 months in all stented patients who 
; received abciximab therapy (versus placebo), which by 
; subgroup analysis appears to be primarily due to a 51% 
reduction in target vessel revascularization in diabetic 
patients with stents (P = .02) who received abciximab 
therapy (versus placebo). 48 These intriguing data raise 
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the possibility that abciximab therapy may preferen- 
tially decrease stent-related intimal hyperplasia in dia- 
betic patients, a group that has been reported to have 
abnormalities in both platelets and vascular function 49 
One needs to be very cautious, however, in ascribing 
any effects of abciximab therapy in decreasing intimal 
hyperplasia after stent placement to the blockade of 
aVP3 by abciximab, because the blockade of platelet 
glycoprotein Ilb/IIIa receptors by abciximab theoreti- 
cally could be responsible for the observed effect 
through several different mechanisms, which include 
decreased mural thrombus formation, decreased release 
of growth factors from platelets (platelet-derived growth 
factor, adenosine diphosphate, serotonin) known to 
enhance smooth muscle cell-mediated intimal hyperpla- 
sia, and decreased platelet-mediated thrombin generation. 50 
Despite a multitude of proposed functions for aVP3, 
there is no evidence that short-term blockade of <xVP3 
by abciximab produces any adverse side effects. This is 
consistent with the similarities in hemorrhagic symp- 
toms and lack of nonhemorrhagic abnormalities in indi- 
viduals with Glanzmann thrombasthenia who are defi- 
cient in glycoprotein Ilia ([P3]; who lack both 
glycoprotein Ilb/IHa and 0tVp3) compared with those 
individuals who are deficient in glycoprotein lib (who 
lack glycoprotein Ilb/ma but not aVP3). 4 

Conclusions 

The intriguing reactivities of abciximab with 0tMp2 
and <xVP3 receptors make it possible that some of the 
cardiovascular benefits observed with abciximab treat- 
ment reflect these effects. At present, however, there is 
no direct evidence that these reactivities play an impor- 
tant role. Similarly, at present, there are no data to indicate 
that these reactivities cause any adverse side effects. The 
current dosing of abciximab is probably not optimal for 
maintaining the blockade of aVP3 receptors during the 
period of highest risk of aVP3-mediated intimal hyperpla- 
sia, so a rigorous test of the potential effect of abciximab 
therapy on aVP3-mediated intimal hyperplasia will proba- 
bly require modifications of the current dosing regimen. 

Animal model data support the potential novel utility 
of aVp3 blockade in other disease states, such as sickle 
cell disease, and the inhibition of tumor angiogenesis, 
raising the possibility that abciximab may be useful for 
preventing sickle cell adhesion and inhibiting tumor 
angiogenesis. However, even if these preliminary ani- 
mal data are confirmed in humans, it will remain to be 
established whether abciximab, with its additional gly- 
coprotein Ilb/IIIa blockade effect, will prove more ben- 
eficial than selective ctVp3 blockade. 

/ thank Suzanne Rivera for outstanding secretarial 
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Potential Future Clinical Applications for the GPIIb/IIIa Antagonist, 
Abciximab in Thrombosis, Vascular and Oncological Indications 
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Abciximab (ReoPro*) is a mouse-human chimeric 
monoclonal antibody Fab fragment of the parent 
murine monoclonal antibody 7E3, and was the first 
of these agents approved for use as adjunct therapy 
for the prevention of cardiac ischemic complications 
in patients undergoing percutaneous coronary inter- 
vention (PCI). Abciximab binds with high avidity to 
both the non-activated and activated form of the 
GPIIb/IIIa receptor of platelets, the major adhesion 
receptor involved in aggregation. Additional cardio- 
vascular indications for abciximab are unstable 
angina, carotid stenting, ischemic stroke and periph- 
eral vascular diseases. Abciximab also interacts with 
two other integrin receptors; the receptor, which 



is present in low numbers on platelets but in high 
density on activated endothelial and smooth muscle 
cells, and otMp2 integrin which is present on activat- 
ed leukocytes. Cell types that express integrins 
GPIIb/IIIa and such as platelets, endothelial 
and tumor cells have been implicated in angiogene- 
sis, tumor growth and metastasis. Since abciximab 
interacts with high avidity to integrins GPIIb/IIIa 
and ovf^, it is reasonable to assume that it may pos- 
sess anti-angiogenic properties in angiogenesis- 
related diseases, as well as anti-metastastatic proper- 
ties in case of disseminating tumors expressing the 
target integrin receptors. (Pathology Oncology Rese- 
arch Vol 6, No 3, 163-174, 2000) 



Keywords: Abciximab, ReoPro*, cardiocascular disease, angiogenesis, tumor metastasis 



Introduction 

Platelet activation and subsequent platelet thrombus for- 
mation play a pivotal role in the pathophysiology of arter- 
ial thrombosis and subsequent acute coronary syndromes 
(ACS) 1,2 and have been strongly implicated in the develop- 
ment of noncardiac vascular diseases such as ischemic 
stroke, 3,4 carotid artery occlusion, 5 and peripheral vascular 
disease. 6 Platelet thrombus formation can be propagated by 
a number of complex, independent pathways and physio- 
logical stimuli. 1,7 Regardless of the mechanistic or chemi- 
cal stimuli utilized, the end product of each of these path- 
ways is the induction of a conformational change in the 
platelet glycoprotein (GP) lib/Ilia receptor, which then 
allows the receptor to bind fibrinogen and other multiva- 
lent, adhesive proteins, ultimately resulting in platelet- 
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platelet crosslinking and aggregate formation. GPIIb/IIIa 
antagonists have been developed to inhibit the interaction 
of fibrinogen and other ligands to the activated GPIIb/IIIa 
receptor, thereby inhibiting platelet aggregation and subse- 
quent thrombus formation. GPIIb/IIIa antagonists are more 
versatile anti-platelet agents than those designed to inhibit 
one pathway of activation (e.g. heparin, ticlopidine, clopi- 
dogrel and aspirin) since they inhibit the final consequence 
of platelet activation - the interaction of fibrinogen with 
the activated GPIIb/IIIa receptor. 2 Validity of the concept 
of GPIIb/IIIa antagonism has been demonstrated in 
patients with symptomatic coronary artery disease under- 
going percutaneous interventions. 8 " 12 In these studies, peri- 
procedural administration of a parental GPIIb/IIIa antago- 
nist markedly reduced the incidence of death or non-fatal 
myocardial infarction over the ensuing 30 days. 

Abciximab (ReoPro* ) is a mouse-human chimeric mon- 
oclonal antibody Fab fragment of the parent murine mon- 
oclonal antibody 7E3, 13 and was the first of these agents 
approved for use as adjunct therapy for the prevention of 
cardiac ischemic complications in patients undergoing 
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percutaneous coronary intervention (PCI), or in unstable 
angina patients when PCI is planned within 24 hours. 
Abciximab binds with high avidity to both the non-acti- 
vated and activated form of the GPIIb/IIIa receptor and the 
recommended dose induces 80% blockade of the 
GPIIb/IIIa receptor throughout the duration of treatment. 14 " 16 
A number of large prospective clinical studies have estab- 
lished that abciximab affords long-term reduction (up to 3 
years) in ischemic complications associated with PCI, 1718 
Additional cardiovascular indications for abciximab cur- 
rently being explored are medical treatment for unstable 
angina, and combined therapy with reduced doses of the 
fibrinolytic Retavase*, in the setting of both acute myocar- 
dial infarction and facilitated PCI (see below). In addition, 
the utility of abciximab in non-cardiac vascular indications 
such as carotid stenting, ischemic stroke and peripheral 
vascular disease is also being explored. 

During its development, it was reported that abciximab 
also interacts with two other integrin receptors (Table I) \ 
the otvPa receptor (also known as the vitronectin recep- 
tor), 19 which is present in low numbers on platelets (100 
copies per cell) 20 and in high density (500,000 copies per 
cell), 19 on activated endothelial and smooth muscle cells 
and ctMp2 integrin, also known as MAC-1, which is pre- 
sent on activated leukocytes. 21,22 Numerous in vitro and 
animal studies have associated a$ z and Mac-1 with a 
variety of pathophysiologic processes associated with 
acute coronary syndromes. Thus, it is postulated that some 
of the clinical benefits derived from abciximab in PCI 
patients could be correlated with cross-specificity with one 
or both of these receptors. Additionally, these receptors 
have been associated with non-cardiac disease processes, 
indicating that abciximab, or other compounds with equiv- 
alent specificity, may confer clinical benefit in other con- 
ditions where receptor activation is proposed. This article 
summarizes the scientific rationale and clinical evidence 
for the use of abciximab in additional cardiovascular and 
non cardiac vascular indications. 



Potential Role for Abciximab as an Anti-Cancer Agent 

The challenge for the oncology field today is to develop 
therapies that will combat advanced disseminated disease. 
Developing agents that will block the metastatic cascade 
and the growth of disseminated tumors are areas of 
research that are undergoing scrutiny from academic insti- 
tutions and the pharmaceutical industry. One hopeful 
approach is anti-angiogenic therapy, where it is speculated 
that depleting the tumor of its blood supply may ultimate- 
ly shrink the tumor and prolong patient survival. Cell types 
that express integrins GPIIb/IIIa and ct^ such as 
platelets, endothelial and tumor cells have been implicated 
in tumor growth, angiogenesis and metastasis. Since 
abciximab interacts with high avidity to integrins 
GPIIb/IIIa and aj^, it is reasonable to assume that it may 
possess anti-angiogenic properties. The following sections 
will provide a brief review of the importance of GPIIb/IIIa 
and 0^03 integrins in tumor growth and metastasis, and the 
rationale for the development of abciximab as a therapeu- 
tic agent for certain cancers. 

Role for a fi 3 Integrin in Tumor-Induced Angiogenesis 

The outcome of solid tumor growth is closely associat- 
ed with vascular density. Blockade of neo-vascularization 
can result in a significant decrease in solid tumor 
growth. 24,25 Tumor-secreted growth factors and inflamma- 
tory cells that infiltrate the tumor can initiate tumor- 
induced angiogenesis. Two such angiogenic factors, basic 
fibroblast growth factor (bFGF) and vascular endothelial 
growth factor (VEGF), stimulate endothelial expression of 
0^3 and ctvPs integrins, which then results in new vessel 
formation. A variety of studies have indicated that block- 
ade of ctvPa function by antagonists suppresses angiogene- 
sis and tumor growth in animal models. 26 " 28 One such 
antagonist LM609, a murine monoclonal IgG antibody 
that specifically blocks oc^, inhibits angiogenesis by pro- 



Table L Integrin specificity characteristics of abciximab 



Receptor 


Cell Expression 


Receptor Density 
(molecules/cell) 


Abciximab Affinity 


a rib p 3 (GPIIb/IIIa) 


Platelets 


»80,000 (platelets) 1 


6.2 nM (platelets) 2 


a$ 3 (vitronectin receptor) 


Platelets, fibroblasts, osteoclasts, 
PMN's, lymphocytes, tumors, 
endothelial and smooth muscle cells 


« 100 (platelets) 3 
= 500,000 (cultured 
human endothelial cells 
[HUVECS]) 4 


9.8 nM (HUVECS) 4 


a^ 2 (Mac-1; CD18/CD1 lb) 


Activated lymphocyte 5 * 6 


200,000 (peripheral 

blood monocytes [PBM's]) 6,7 


160 nM (PBM's) 67 



'Reference number (23). Reference number (14). Reference number (20). "Reference number (19). Reference number (21). 
Reference number (22). 'Estimates obtained with the bivalent form of abciximab (7E3 IgG) 
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moting programmed cell death in activated, but not rest- 
ing, endothelial cells via a P-53 dependent pathway. 29 In 
addition to integrins, proteinases may also be involved in 
angiogenesis by remodeling the sub-endothelial matrix, 
thus facilitating endothelial attachment and movement. 
Integrin 0^3 can bind to matrix metalloproteinase-2 and 
inhibition of this interaction also inhibits angiogenesis in 
tumor model systems. 30 Immunohistological analysis indi- 
cated that expression of 0^3 is preferentially enhanced in 
blood vessels of patients with human breast carcinoma. 31 
These investigators also reported that integrin expression 
was significantly higher in tumors of patients with metas- 
tasis than patients without metastasis. 

A variety of 0^3 antagonists such as small molecular 
weight inhibitors, peptidomimetics, or monoclonal anti- 
bodies are in various stages of development as anti-cancer 
therapeutics. A selective peptidomimetic antagonist of 
ovp 3 SC- 68448, inhibited endothelial cell proliferation and 
tumor growth in mice. In a mouse Matrigel model of 
angiogenesis, an 0^3 small molecule antagonist SM 256, 
inhibited bFGF stimulated blood vessel formation. 27 A 
phase I clinical trial of the humanized version of LM609 
(Vitaxin ) in patients with stage IV disease with breast, 
colon, lung, kidney and ovarian carcinoma has recently 
been completed with no reported major toxicity. 33 These 
findings collectively suggest that 0^3 antagonists may be 
effective and well-tolerated anti-angiogenic agents. 

Based on the available data supporting the role of 0^3 
in angiogenesis, abciximab was evaluated for anti-angio- 
genic activity. The parent antibody of abciximab, m7E3 
IgG was compared to LM609 in a severe combined 
immuno-deficient (SCID) mouse human chimeric skin 
angiogenesis model. 34 In this system, 0^3 negative human 
melanoma cells were injected into full-thickness human 
skin grafted onto SCID mice. The resulting tumors 
induced an angiogenic response that enhanced growth of 
tumor cells in an orthotopic microenvironment. Regular 
administration of 7E3 prevented or significantly inhibited 
growth of tumors, and this effect directly correlated with a 
reduction in the number of blood vessels supplying the 
tumors. Since 7E3, like LM609, does not crossreact with 
mouse integrins, its anti-angiogenic effect was attributed 
to blockade of human 0^3 receptors in the vasculature of 
the human skin. 

Role for Platelet GPIIb/IIIa Integrin In Tumor Growth 
and Metastasis 

The rationale and evidence supporting the development 
of anti-platelet agents in metastasis has been reviewed in 
detail elsewhere. 35 Despite uncertainties as to how anti- 
platelet agents may function as anti-cancer therapeutics, 
some have postulated that these agents inhibit the adher- 
ence or trapping of cancer cells to capillary walls, expos- 



ing circulating tumor cells for a prolonged period of time 
to host anti-tumor entities. The involvement of platelets in 
experimental models of metastasis was recognized almost 
30 years ago, 35 as an integral part of the microthrombus 
that is thought to be involved in the arrest of circulating 
tumor cells. 

Certain tumor cells induce platelet aggregation (TCIPA) 
in vitro, which directly correlates with their metastatic 
potential 36 It is hypothesized that TCIPA may be required 
during the hematogenous spread of tumor cells and the 
resulting aggregates induce endothelial cell retraction and 
facilitate tumor extravasation. This idea was supported by 
a finding that reconstituting thrombocytopenic mice with 
human platelets dramatically increased the lung coloniza- 
tion ability of tumor cells in vivo? 1 TCIPA can be blocked 
by mAbs directed to platelet GPIIb/IIIa integrin, 10E5 and 
AP-2 36,38 * 40 and abciximab (unpublished results, Trikha, 
M). The initial tumor cell-platelet bridging event requires 
p 3 integrins and this results in a rapid induction of platelet 
aggregation. Furthermore, blockade of human platelet 
GPIIb/IIIa by 10E5 blocked the increase in lung coloniza- 
tion of tumor cells. 37 These results suggested that platelets 
use GPIIb/IIIa integrin to interact with circulating tumor 
cells and blockade of this receptor could prevent tumor 
cell arrest and/or extravasation. 

Recently, Amirkhosravi et al. demonstrated that murine 
tumor cells injected intravenously into nude rats rapidly 
induced thrombocytopenia. 41 The murine F(ab') 2 version 
of abciximab, 7E3 F(ab')2 that crossreacts with rat, but not 
murine, GPIIb/IIIa and 0^3 prevented tumor cell -induced 
thrombocytopenia. The functional consequence of block- 
ing tumor cell-induced thrombocytopenia was a near com- 
plete eradication of experimental metastasis. The authors 
speculated that when tumor cells are shed into the circula- 
tion, they rapidly recruit platelets to form tumor cell- 
platelet aggregates which results in a transient decrease in 
circulating platelet count. These aggregates help tumor 
cells survive the hostile environment and facilitate in their 
arrest at distant sites. These studies in conjunction with 
results obtained from 10E5 experiments suggest that 
abciximab could block hematogenous metastasis. 

In addition to facilitating hematogenous metastasis, 
platelets may also participate in angiogenesis and growth 
of primary and disseminated tumors. Pinedo and Folkman 
have postulated that a true anti-angiogenic therapy must 
target platelets. 42 Platelets contain one of the largest stores 
of angiogenic and mitogenic factors, and with a circulating 
half life of -5-7 days, 43 they could provide tumors with a 
continuous supply of growth factors. Tumor vasculature is 
leaky and extravasated fibrin (ogen) that is deposited on 
the tumor surface can provide an ideal substrate for 
platelet binding. Platelet granules contain a variety of fac- 
tors such as VEGF, PDGF, TGF-p, and fibrinogen, and 
these modulators are immediately secreted after platelet 
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activation. Abciximab can block platelet aggregation and 
adhesion to fibrin(ogen), and it also inhibits platelet 
degranulation. By blocking granule release, abciximab 
inhibits secretion of serotonin, TGF-p, PDGF AB 44 and 
VEGP 4i.45.46 j^ QSt of tnese f actors nave b een implicated in 

various steps of tumor progression and metastasis. VEGF 
is one such angiogenic factor that is stored in large 
amounts in circulating platelets. Abciximab inhibits ADP- 
stimulated platelet secretion of VEGF. 46 In addition, tumor 
cells induce platelets to secrete VEGF and this secretion is 
also blocked by abciximab. 41 Blockade of VEGF secretion 
by abciximab is due to its ability to inhibit both platelet 
aggregation and tumor cell-platelet binding that is mediat- 
ed by 0^3 and platelet GPIIb/IIIa. It is tempting to specu- 
late that when administered to patients with cancer, abcix- 
imab could directly block oc^ and GPIIb/IIIa function 
and indirectly block VEGF function. This multi-receptor 
binding of abciximab may distinguish it from other anti- 
angiogenic antagonists that are unable to inhibit platelet 
GPIIb/IIIa. However, the safety of this dual effect of 
abciximab remains to be defined. 

Role of Tumor pj Integrins in Tumor Growth 
and Metastasis 

In addition to participating in host cell mediated tumor 
growth, angiogenesis and metastasis, p 3 integrins are also 
upregulated in certain tumors. A large body of literature 
indicates that p 3 integrins play a critical role in mediating 
human melanoma cell adhesion, spreading, invasion, and 
tumor cell survival in vitro and in animal tumor models. 36 
The clinical significance of p 3 integrin expression was 
suggested in a prospective study that examined the expres- 
sion of this integrin in patients who were followed for a 
mean of 98 months post-diagnosis with intermediate thick- 
ness malignant melanoma. 47,48 This study concluded that 
tumors in 64% of the patients expressed p 3 integrin, with 
greater mortality in patients with P 3 positive melanomas 
when compared to those with p 3 negative tumors (45% vs. 
8%) . Presence of P 3 integrin was also associated with sub- 
sequent lung metastasis. In an earlier study, Hsu et al., 
demonstrated that adenoviral gene transfer of the p 3 inte- 
grin subunit into non-tumorigenic radial growth phase pri- 
mary human melanoma cells converted the cells into 
tumorigenic and invasive vertical growth phase primary 
melanoma. 49 Collectively, these observations suggest that 
blockade of p 3 integrin function in human melanoma may 
suppress tumor growth and metastasis. 

An important role of tumor expressed was demon- 
strated when function blocking mAb LM609 induced 
apoptosis of human melanoma cell growth in a collagen 
gel. 50 Native type I collagen does not bind oc^ integrin, 
but tumor cell secreted matrix metalloproteinases can 
degrade type I collagen to expose cryptic sites that rec- 



ognize a^. LM609 inhibits melanoma cell binding to 
these exposed sites in denatured collagen thereby pro- 
moting apoptosis. Cheresh and colleagues demonstrated 
that M21-L cells that do not express ot^ are significant- 
ly less tumorigenic in nude mice when compared to the 
parental M21 cells that are positive for 01^3 integrin. 51 
Subsequently, they demonstrated that repeat administra- 
tion of LM609 inhibits growth of M21 (0^3 positive) 
cells in mice. Since LM609 does not recognize mouse 
avP 3 , these data suggest that ce v p 3 -expressed in human 
melanoma may contribute to tumor growth independent 
of its role in angiogenesis. 52 

In addition to the important role of 0^3 integrin in tumor 
growth and metastasis, a subpopulation of tumors abnor- 
mally express the platelet GPIIb/IIIa integrin. Puerschel et 
al., evaluated human melanoma specimens for expression 
of GPIIb and GPIIIa subunits on cells from patients with 
metastatic and non-metastatic malignant melanoma over a 
6 year period. 53 They observed that the GPIIb subunit was 
present exclusively on metastatic melanoma cells, but not 
on non-metastatic melanomas or benign melanocytes. As 
expected, GPIIIa (also known as p^ was heterogeneously 
expressed in both primary and metastatic melanoma. The 
absence of contaminating platelets in the tumor specimens 
was ruled out by staining with the platelet specific GPIb 
antibody. Others studies corroborating these findings 
reported that in an experimental model of metastatic 
melanoma, expression of GPIIb/IIIa directly correlated 
with metastatic potential. 36,38,39 Further, GPIIb/IIIa expres- 
sion can be detected in some solid tumor cell lines and 
function blocking mAbs directed to GPIIb/IIIa block tumor 
cell adhesion, metastasis and invasion. 54 " 58 Taken together, 
these findings suggest that targeting GPIIb/IIIa and cc^ 
may be a more effective therapy for certain cancers than 
targeting either integrin alone. 

Considerations 

An important message from the findings reviewed 
above is that combined blockade of integrins GPIIb/IIIa 
and 0CvP 3 may be more effective than a therapy that tar- 
gets only single receptors. Abciximab inhibits GPIIb/IIIa 
and ct v p 3 with equivalent affinity and has been adminis- 
tered to over a million patients with atherosclerotic dis- 
ease with minimal complications. However, the safety of 
chronic administration of abciximab in patients with 
advanced cancer (ic bleeding, formation of reston bock 
an immune response to abciximab) as well as the ability 
to administer an effective concentration of the drog at the 
tumor site neds to be evaluated. The pharmacodynamics 
of abciximab within the tumor microenvironment must 
be closely examined to ensure adequate drug delivery. 
Currently, there are few effective therapies available for 
patients with advanced cancer. As described above, in 



PATHOLOGY ONCOLOGY RESEARCH 



Abciximab in Thrombosis, Vascular and Oncological Indications 



167 



vivo tumors interact with a variety of host cells such as 
platelets and endothelial cells, and these interactions help 
them to grow and metastasize. The ability of abciximab 
to block many such interactions suggests a novel 
approach with the potential to inhibit tumor progression. 

Sickle Ceil Crisis 

Sickle cell disease is an autosomal dominant genetic dis- 
order characterized by red cells that transform into a sick- 
le cell shape upon deoxygenation. 59 The genetic defect is a 
point mutation which substitutes a valine for glutamic acid 
in the sixth position of the P-globin chain and results in the 
abnormal polymerization of sickle hemoglobin under 
hypoxic conditions. 60 The pathophysiology of the disease 
is related to the intracellular polymerization of sickle cell 
hemoglobin and the abnormal interaction of sickle ery- 
throcytes with the microvascular endothelium, 61 The clin- 
ical manifestations of sickle cell disease are highly 
diverse, but are all ultimately linked to hemolytic anemia 
and recurring episodes of painful vascular occlusion. Such 
occlusions are associated with multiple organ damage and 
increased susceptibility to infection, primarily with poly- 
saccharide-encapsulated organisms due to splenic infarc- 
tion. The vascular occlusion can involve every organ of 
the body. 

The distribution of sickle cell disease parallels that of 
falciparum malaria since people who carry the sickle cell 
trait and are infected with Plasmodium falciparum have a 
selective advantage over those not carrying the gene. 62 
Due to the selective advantage of sickle cell over the nor- 
mal gene, the frequency of the trait is increased in areas 
where malaria is endemic. There are approximately 2.5 
million people in the US and 30 million people in the 
world who have sickle cell trait. 63 The incidence of sickle 
cell trait in the US is 1 in approximately 600 newborns, 
with a significant incidence among the African American 
population (8%). 64 

The pattern of illness and disease severity varies consid- 
erably among individuals homozygous for hemoglobin S. 
However, the syndrome is associated with significant mor- 
bidity and mortality that is primarily mediated by the vaso- 
occlusion of the microvasculature. The underlying patho- 
physiology of these vaso-occlusive episodes is complex 
and may involve adhesion receptor mediated interactions 
of sickle cell red blood cells (SS RBC's), other cellular 
constituents (e.g. platelets, leukocytes) and the endothelial 
cells lining the vascular bed. 65 These adhesion receptors 
are up-regulated by inflammatory mediators that are pro- 
duced during infection or inflammation. 66 

A number of in vitro studies have implicated several 
adhesion receptors (e.g. ct4pl and CD36 on SS RBC's and 
VCAM-1 and cl$$ on activated endothelial cells) 66 ' 69 and 
adhesive proteins (von Willebrand factor [vWf], throm- 



bospondin, fibrinogen) 70 " 72 in mediating the association of 
SS RBC's with endothelial cells, yet the significance of 
one particular receptor or ligand in the development of 
microvascular occlusion has until recently, not been clear- 
ly elucidated. Kaul and colleagues, 73 using an ex vivo 
platelet activating factor (PAF) activated rat mesocecal 
microvascularization model, demonstrated that a bivalent 
form of abciximab (7E3 F(ab') 2 ) and an oc^-specific anti- 
body LM609 appreciably reduced adhesion of human 
sickle cells to postcapillary venules. In contrast, a 
GPIIb/IIIa-specific antibody 10E5 had no effect on the 
hemodynamics of SS RBC's in PAF-treated- vessels. PAF, 
a potent inflammatory agent that is elevated in the plasma 
of sickle cell patients, 74 and increases endothelial vWf 
expression, 75 was used to stimulate the interaction of SS 
RBC's with the post-capillary venules. This and/or other 
pro-inflammatory agents with similar physiological 
effects that are produced during infection may play a piv- 
otal role in the development of sickle cell-mediated vascu- 
lar occlusion. These data, as well as numerous in vitro 
studies, support the role of cc^ in mediating SS-RBC 
interactions with endothelial cells lining postcapillary 
venules. It should be noted that certain limitations relating 
to the experimental design need to be addressed. This 
experimental model consisted of isolated cells in a plasma- 
free medium and does not reflect the complex hemody- 
namics that occur in the microcirculation during an 
inflammatory episode. For instance, subjects with sickle 
cell disease have increased numbers of circulating platelet- 
erythrocyte aggregates and elevated levels of platelet acti- 
vation, in vivo.™' 77 Adhesive glycoproteins (e.g. throm- 
bospondin) released from activated platelets may exacer- 
bate microvascular occlusion by promoting sickle cell 
adhesion to the endothelium. Thus, the current in vitro and 
ex vivo data provides the rationale for dual GPIIb/IIIa and 
otvPg receptor blockade as a therapeutic approach to pre- 
vent sickle cell disease-related vascular occlusion. 

Stroke 

Stroke is an important clinical disorder associated with 
significant morbidity, mortality and economic impact. It is 
the second leading cause of adult mortality and the leading 
cause of serious disability in older individuals. 78,79 In the 
United States, there are an estimated 500,000 to 700,000 
new cases of stroke (85% of which are ischemic), and 
150,000 deaths attributed to the disease each year. 80 Twen- 
ty (20%) of stroke victims die within the first month after 
the episode 81 For those who survive for 6 months, approx- 
imately 15% require institutional care and 30-40% are 
dependent in their daily living. 82 The combined incidence 
of acute ischemic stroke in the United States and Europe is 
in excess of 1.2 million cases per year. 83 The aggregate 
lifetime cost of ischemic stroke occurring within a single 



Vol 6, No 3, 2000 



168 COHEN etal 



year in the United States has been estimated at $29 billion, 
and the average lifetime cost for a stroke victim from diag- 
nosis to death is approximately $90,000. 84 These numbers 
are expected to rise as the median survival age of humans 
increases. 85 

The only approved reperfusion treatment for ischemic 
stroke is alteplase (Activase* ) , a recombinant tissue plas- 
minogen activator (rt-PA). 86,87 However, <5% of stroke 
patients are candidates for this therapy, primarily due to its 
narrow therapeutic window (institution of therapy less 
than 3 hrs after symptom onset), and the associated 
increased risk of intracranial hemorrhage. The pivotal rt- 
PA trial that was conducted by the National Institute of 
Neurological Disorders and Stroke (NINDS) 86 resulted in 
120 fewer deaths or disabled patients per 1000 patients 
treated, or a 12% overall benefit. However, the incidence 
of symptomatic intracranial hemorrhage increased 10- 
fold, from 0.6% in placebo patients to 6.4% in subjects 
that received rt-PA. Attempts at demonstrating benefits of 
initiation of fibrinolytic therapy up to six hours after 
symptom onset have been discouraging. 86 * 91 Thus, the nar- 
row treatment window and significant intracranial hemor- 
rhage risk associated with the use of rt-PA necessitates the 
development of safer and more efficacious reperfusion 
treatments that demonstrate efficacy if the therapy is initi- 
ated beyond three hours after symptom onset. 

The rationale for GPIIb/IIIa antagonist therapy in 
ischemic stroke is derived from clinical reports with 
other anti-platelet agents as well as studies of abciximab 
in acute myocardial infarction patients. The results of 
two recent large, randomized trials, the International 
Stroke Trial 3 and the Chinese Acute Stroke study 4 sug- 
gest that platelets play an important part in the patho- 
physiology of acute ischemic stroke. The combined 
analyses of these studies revealed that administration of 
aspirin within 48 hours after onset of symptoms resulted 
in 13 fewer deaths or disabled patients per 1000 patients 
treated. It is currently unclear whether the therapeutic 
benefits of aspirin are attributed to its anti-platelet or 
anti-inflammatory actions, or a combination of both. 
However, additional support for the use of anti-platelet 
therapy in ischemic stoke is the demonstration that 
platelet ADP receptor antagonists, ticlopidine and its 
second generation counterpart, clopidogrel are effica- 
cious in secondary prevention of stroke. 92 Thus, it is fea- 
sible that a more potent anti-platelet agent, such as a 
GPIIb/IIIa antagonist may confer more optimal clinical 
benefit over partial antagonists. 

The evidence indicating that abciximab may be a safer 
reperfusion agent than rt-PA in ischemic stroke is derived 
from clinical studies of the agent in patients with acute 
coronary syndromes. The intracranial hemorrhage rate 
from the coronary intervention trials with abciximab is 
very favorable - 0.1% or 1 per 1000 patients. 9 " 12 Addition- 



ally, angiographic studies in acute myocardial infarction 
(TIMI14a and the GUSTO IV pilot trials) demonstrated 
that the combination of abciximab, aspirin and weight 
adjusted heparin reperfused occluded coronary vessels. 93,94 
A composite analysis from both studies revealed abcix- 
imab resulted in a 45% patency rate and was comparable 
to historical reperfusion rates achieved with streptokinase. 
The mechanism (s) by which abciximab re-establishes flow 
in occluded vessels is unknown, but may be related to its 
ability to compete with and dissociate platelet bound fib- 
rinogen on the activated platelet GPIIb/IIIa receptor, and 
by preventing platelet deposition on existing thrombi, thus 
allowing endogenous fibrinolysis to proceed unopposed. 
Abciximab has the potential to enhance thrombolysis by 
inhibiting release and deposition of platelet-derived plas- 
minogen inhibitors at the site of thrombus. 44 Additionally, 
abciximab may further destabilize clot structure by imped- 
ing clot retraction 95 and factor XHIa crosslinking of fibrin 
and plasminogen activator inhibition- 1 (PAI-1) to the 
platelet mesh. 96 

A phase I, placebo-controlled, dose escalation study of 
abciximab in ischemic stroke was recently completed, and 
the results are promising. 97 The main objective of the trial 
was to determine the safety of abciximab in the setting of 
acute ischemic stroke. Patients presenting within 24 hrs of 
their stroke onset were randomized to receive, (in a 3 to 1 
ratio), a single, escalating dose of abciximab or placebo. 
Patients were stratified according to the time of stroke 
onset and stroke severity. The highest dose of abciximab 
administered was equivalent to the dose recommended for 
patients undergoing PCI (0.25 mg/kg bolus and a 0.125 
(Xg/kg/min infusion for 12 hrs). No symptomatic ICH 
bleeds were observed in either the placebo or abciximab 
groups during the 3 month follow-up period. At 3 months, 
there was a trend towards improved functional status 
among abciximab patients, compared to the placebo 
group. Based on the results of this study, a larger, double- 
blind, placebo-controlled study is currently being designed 
to assess the efficacy of abciximab in patients with 
ischemic stroke. The primary objective of the study is to 
assess patient disability at 3 months, using a modified 
Rankin Scale. 

Chastain et al., 98 evaluated the effect of abciximab in 
patients undergoing cerebral vascular stenting. Abciximab 
was used either prophylactically or as emergency bail-out 
following distal atherosclerotic debris embolization. The 
mean percent vessel stenosis prior to PCI was 75,9 ± 17.4% 
and was reduced to 6.2 ±9.1% after PCI. There were no 
thromboembolic complications. Hemorrhagic complica- 
tions occurred in two. patients, one resulting in death from 
an occult berry aneurysm. With the exception of one 
patient who experienced a minor stroke, each of the 
patients in whom abciximab was used for bailout following 
distal debris embolism recovered completely. 
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Table 2. Overview of TIMI14 and SPEED Trials 





TIM 14* 


Speed/Gusto IV AMI Pilot** 


Criteria 


Age 18 to 75 
Symptoms £ 12 hrs 


^18 years old 
Symptoms ^ 6 hrs 


Control Arm(s) 


Accelerated t-PA or 
10 U + 10 U Reteplase 


Standard Reteplase 
(10 U+ 10 U) 


Combination 
Therapies Studied 


t-PA, SK, and Reteplase 
Abciximab*** 
Heparin 60 U/kg 
and 30 U/kg 


Reteplase + 
Abciximab*** 
Heparin 60 U/kg 
and 40 U/kg 


Primary Endpoint(s) 


TIMI grade 3 flow at 
90 minutes 


TIMI grade 3 flow at 
60 and 90 minutes 


PCI 


Rescue only 


"Encouraged" 
-Facilitated PCI 



*Ref 94. **Ref 93. ***bolus 0.25 mg/kg; infusion 0.125 ug/kg/min H 12 hrs 



Management of AMI with Fibrinolytics and GP Ilb/IIIa 
Receptor Inhibitors 

We are now entering a new age in the treatment of 
acute myocardial infarction (AMI). The past decade has 
seen great emphasis on the use of fibrinolytic agents in 
the treatment of AMI. Early success with first generation 
fibrinolytic agents (e.g., streptokinase) lead to the devel- 
opment of second (e.g., alteplase) and third generation 
fibrinolytic agents (e.g., reteplase, tenecteplase, lan- 
oteplase) with the hope that altering certain characteris- 
tics of the plasminogen activator (e.g., fibrin affinity, fib- 
rin specificity, PAI-1 inhibition, etc) would lead to 
improvements in TIMI 3 (normal coronary) flow rates 
and improved survival benefit. Unfortunately, while the 
objective of achieving bolus administration was 
achieved, these efforts were not successful in increasing 
survival. Three large (approximately 16,000 patients 
each) clinical trials 99 " 101 all failed to demonstrate a sur- 
vival benefit of one agent over another. 

Mechanistic evaluation now suggests an explanation for 
these clinical findings. Fibrinolytics act only on the fibrin 
mesh that aggregates platelets, red cells, and thrombin 
together. They do not address the ongoing stimulation of 
platelets, the release of clot-bound thrombin during fibri- 
nolysis, new thrombin generation, or the initiation of the 
thrombotic cascade that proceeds on the platelet surface. 
Not only are activated platelets exposed following fibrinol- 
ysis, but released thrombin is a potent activator of platelets 
and studies have demonstrated a paradoxical activation of 
platelets following fibrinolysis. Furthermore, fibrinolysis 
may cause athero-embolization, a process that can activate 
platelets and lead to obstruction of the microvasculature in 



the myocardium. Thus, to optimize 
vessel patency, minimize the possi- 
bility of reocclusion (which occurs 
in 15% to 20% of cases following 
fibrinolysis), and protect/improve 
flow into the microcirculation, 
platelet inhibition during fibrinolysis 
would be desirable. Recently com- 
pleted Phase II clinical trials provide 
evidence that the addition of the 
platelet inhibitor abciximab to the 
fibrinolytic agents reteplase or 
alteplase provides earlier and more 
complete reperfusion, reduction or 
elimination of cyclic flow variation 
and reocclusion, and improvements 
in microvascular obstruction. 

Early trial data supported the 
concept of the benefits of combin- 
ing platelet blockade with fibrinol- 
ysis. The ISIS-II trial demonstrated 
an additive effect when the platelet inhibitor aspirin was 
combined with streptokinase. When used in combination, 
the two agents provided a 42% reduction in mortality 
versus placebo. 102 However, as previously noted, drugs 
targeted at blocking only one pathway of platelet activa- 
tion achieve only partial platelet inhibition because of the 
numerous, redundant pathways involved in platelet func- 
tion. The more potent GPIIb/IIIa receptor inhibitors pre- 
vent aggregation regardless of the pathway of activation. 
In fact, several studies were undertaken in the early 
1990's to examine the benefit of GP Ilb/IIIa blockade 
with of fibrinolytics. 103 ' 105 While successful in demon- 
strating more rapid and complete clot lysis, these studies 
suffered from increased bleeding rates presumably due to 
the use of full dose lytic, high dose heparin, and non-opti- 
mal access site management. 

The safety and efficacy of combination therapy using 
full dose abciximab with reduced-dose lytic agent 
(reteplase, alteplase, or streptokinase) has recently been 
evaluated in two Phase II clinical trials, TIMI 14, and the 
pilot phase of the GUSTO IV AMI trial, SPEED (Table 
2; ref 93,94). In the Strategies for Patency Enhancement 
in the Emergency Department (SPEED) trial, the pilot 
for the GUSTO-IV AMI study, abciximab administration 
alone was compared with combination therapy consisting 
of abciximab and various doses of reteplase. 93 The com- 
bination of full dose abciximab and half-dose (5 units + 
5 units) reteplase resulted in accelerated optimal TIMI 3 
flow rates, comparedto full-dose lytic alone control (Fig- 
ure 1). Reduced dose heparin, while marginally safer in 
terms of bleeding rates, led to reduced TIMI-3 flow rates. 
Control arms included abciximab for the dose finding 
phase of the trial (demonstrating the dethrombosis effect 
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Figure 1. Angiographic core laboratory TIMI 3 flow rates at 60 
min following r-PA alone (10 U+ 10U), abciximab (0.25 mg/kg 
bolus and OA 25 ng/kg/min infusion for 12 hours) and com- 
bined lower dose r-PA and abciximab with variable heparin dos- 
ing. A significant trend towards increased TIMI 3 flow was 
observed with combined abciximab and half-dose r-PA. (Adapt- 
ed with permission from Ohman et al., ref93). 
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Figure 2. Angiographic core laboratory TIMI 3 flow from the 
dose- finding phase of the TIMI 14 trial. Variable flow rates are 
achieved between the different study agent protocols. A trend 
towards increased TIMI 3 flow at 90 min in patients receiving 
standard dose of abciximab and 50 mg t-PA was observed, 
compared to 100 mg t-PA alone. (Adapted with permission 
from Antman et al, ref94). 



of abciximab alone) and standard reteplase for the dose 
confirmation phase of the trial. 

In TIMI- 14 the combination of full-dose abciximab and 
reduced dose lytics were tested using safety and TIMI-3 
flow at 90 minutes as the primary endpoints. A variety of 
doses of alteplase lead to the interesting observation that 
bolus administration was not as effective as bolus plus 
infusion. Optimal TIMI-3 flow rates were observed with a 
15 mg bolus followed by a 35 mg infusion over 60 minutes 
(Figure 2). 

In the reteplase phase, optimal TIMI-3 flow rates at 90 
minutes were observed with half dose reteplase given as 
two 5 U boluses 30 minutes apart. Unusually high TIMI- 
3 flow rates were observed in the control (lytic alone) 



arm of this trial and especially in the reteplase control 
arm; this was found to be due to a disproportionate num- 
ber of non-anterior myocardial infarctions as well as an 
earlier time to treatment in this control arm of the trial. 
Given the wide confidence intervals (due to the limited 
numbers of patients in each arm), these and other Phase 
II combination therapy data are most objectively viewed 
in terms of the trends observed with different lytic doses. 
The optimal doses of lytic (reteplase 5 U + 5 U) and 
heparin (60 U/kg bolus followed by 7 U/kg/hr) with full 
dose abciximab are being tested in the 16,600 patient 
Phase III GUSTO IV AMI trial which is presently under- 
way to test the key clinical benefit (ie, mortality at 30 
days) of combination therapy. 

Facilitated Percutaneous Coronary Intervention 

Percutaneous coronary intervention (PCI) appears to 
be effective in not only restoring perfusion but in resolv- 
ing the underlying stenosis of the infarct-related artery. 
In a post-hoc analysis of the GUSTO III trial, a subset of 
patients underwent early angioplasty after failed fibrinol- 
ysis for whom complete data are available. 106 Death was 
significantly reduced in the patients who received abcix- 
imab at the time of their intervention (9.7% reduced to 
3.6%, p = 0.042). At 30 days, the composite end point of 
death, stroke, or reinfarction occurred in 7.3% of patients 
who received reteplase and abciximab and 21.4% of 
patients who received alteplase and abciximab (/ > =0.08; 
Figure 3). 

These data suggest but do not prove that platelet inhi- 
bition, especially with GPIIb/IIIa antagonists, adminis- 
tered within 12 to 24 hours of thrombolysis may be 
advantageous, especially when used in conjunction with 
reteplase during rescue PCI. 
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Figure 3. GUSTO III substudy data of survival benefits in 
patients receiving emergent abciximab therapy following 
thrombolytic therapy. A significant reduction in 30 day mor- 
tality was observed in patients receiving combined thrombolyt- 
ic therapy. A significant trend within this small subgroup to 
even greater improvement was observed in patients receiving r- 
PA with regard to death, myocardial infarction and stroke. 
(Adapted with permission from Miller et al., ref 106). 
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Peripheral \fascular Disease 

The use of abciximab in peripheral vascular disease, 
including intracranial interventions, * carotid stenting, 
renal stenting, and peripheral arterial obstructive disease 
remains anecdotal with only case reports and small series 
but no controlled studies reported at this time. Abcix- 
imab has been used under two distinct but related cir- 
cumstances. In the first, abciximab is used as an adjunct 
to lytic agents to enhance lysis of clots in extracardiac 
vessels. 

In the second, abciximab is used as an adjunct to stent- 
ing with the goal of decreasing acute ischemic complica- 
tions and possibly reducing restenosis, with the expecta- 
tion of improved clinical outcomes in this difficult to 
treat patient population. 

The rationale for the use of abciximab in these settings 
is clear. The underlying pathophysiology in peripheral 
vascular, renal, & carotid/intracranial vessel disease is 
atherosclerosis. As in the coronary vasculature, athero- 
sclerotic plaques either rupture spontaneously or iatro- 
genically during peripheral interventions, activating both 
platelets and the coagulation cascade. Vascular interven- 
tions (including stenting) are a potent stimulus for 
platelet activation and aggregation, regardless of the 
location of the vessel. Finally, the incidence of diabetes 
is high (35-50%) in patients with peripheral vascular dis- 
ease. Given the especially robust benefit of abciximab in 
reducing target vessel revascularization in diabetic 
patients undergoing coronary stent placement in the 
EPISTENT trial, 106 a similar robust benefit would be 
obtained from the adjunctive use of abciximab in extrac- 
ardiac vascular interventions in these patients. 

While the administration of abciximab in extracardiac 
vascular disease has not yet been formally evaluated for 
safety and efficacy, its use has been reported in small case 
series in the medical literature and it is presently being stud- 
ied in a variety of controlled clinical trials and registries. 

Summary 

As the foregoing discussion suggests, the adjunctive 
use of abciximab in percutaneous intervention appears in 
initial reports to be safe and effective for the treatment of 
extracardiac vascular disease. However, the details of the 
safety profile and utility of abciximab in extracardiac 
percutaneous interventions remain undefined. Additional 
data on the efficacy and safety of abcixmab use in these 
disease states awaits randomized clinical trials that are 
currently either in progress or in the design phase. Should 
these benefits be recognized, the use of abciximab will 
likely provide a major benefit to the care of patients with 
extracardiac vascular disease. 
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ABSTRACT 



Thromboembolism is one of the most common- causes of death in cancer pa- 
tients. Among the most frequent throm^ are 
disseminated mtraviascular cbagulatibn^ throm^ purpura, and 

thrombocytosis. Clearly, these complications arise as nimdf cells interact with • almost all 
components of the hemostatic system Lmdudiiig platelets - Platelets participate !m tumor 
progression; by contributing to the metastatic cascade, protecting tuxrior cells from im- 
mune surveillance, regulating tumor cell invasion^ Platelets contain one 
of the largest stores of angiogenic and mitogehic fkctors and the tumor vasculature is 
leaky, wruch allows platelets to come in contact with the; tumor and deposit multiple an- 
giogenic factors imcludingiy^ factor (jVEGF) and thrombin to 
tumor cells, which in turn contributes to tumor progression. This ; article reviews the re- 
cent literature on how platelets contribute" to ; tunior^owth, angiogenesis, and metastasis. 
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Objectives: Upon completion of this article, the reader should be able to (1) list how platelets contribute to cancer growth and an- 
giogenesis, and (2) understand the rationale ;f or using antiplatel^^ 
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cef patients.f Seyerdiactpre to the increased ^Although it is well accepted that plateleti ; play an im- 
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Tlie rationale and evidence supporting the development 
of anticoagulants and antiplatelet agents in metastasis 
has been reviewed in detail elsewhere. 2 Despite uncei* 
tainties i as to how platelet antagonists may function as 
anticancer therapeutic it is well accepted that these 
agents inhibit the adherence or trapping of cancer cells 
to cajiillary walls so that tumor cells remain in the sys- 
temic circulation and are exposed for a prolonged period 
to a, hostile erivkonment that can lead to the elimina- 
tion of the tumor cells. The requirement of platelets in 
experimental models of metastasis was recognized al- 
most 30 years ago. 2 - 3 Platelets are an integral part of the 
microthrombus that is thought to promote the arrest 
and lodgment of circulating tumor cells. 

Certain tumor cells induce platelet aggregation 
(TCIPA), and this characteristic correlates directly 
with their metastatic potential. 3 TCIPA can be com- 
plete^ monoclonal antibodies (mAbs) di- 
rected to {platelet glycoprotein (Gp) Ilb/nia iritegrin, 
1GE5 and AP-2. 3 ^ Abciximab is a chimeric Fab frag- 
: Pfpfit. '. 9f. ?E? that is currently used in patients undergo- 
ing ^rcrt^ coronary intervention. 7 ' 16 This mAb 
fragment inhibits platelet GpHb/IIIa arid av{33 in- 
; tegrin function and: also inhibits TCIPA (M. Trikha, 
unpublished results, 2.000). The initial tumor cell- 
platelet bridging event requires 03 integrins and secre- 
tion of tissue factor, and this results in a rapid induction 
of platelet aggregation. It is hypothesized that TCIPA 
may be required during the hematogenous spread of 
ttimor cells and that tumor cell-platelet aggregates 
lodge in the microcirculation, induce endothelial cell 
retraction, and facilitate tumor cell extravasation. This 
idea was supported by a finding that tumor cell arrest 
under flow conditions required interaction of the tumor 
cells with platelets. 11 In this study platelet GpIIb/lIIa 
was postulated to bridge with tumor cell avp3, allow- 
ing the tumor cell-platelet aggregate to adhere to the 
vascular endothelium under physiologic shear condi- 
tions. In. addition, the investigators found that primary, 
metastatic cells from a patient with advanced breast 
cancer were highly adhesive for platelets. 11 Another 
study showed that reconstituting thrombocytopenic 
mice with human platelets dramatically increased the 
lung colonization ability of tumor cells in vivo. 12 Fur- 
thermore, blockade of human platelet GpHb/IIIa inte- 
gral by mAb 10E5 blocked lung colonization of tumor 
cells. 12 These results suggested that platelets use 
GpHb/IIIa integrin to interact with .circulati|ig tumor 
.'cells and that blockade of this : receptor could prevent 
•tumor cell extravasation. : 



;TCIPA i^qihe iihstanGes is caused by ADP, a 
.platelet agonist* thajtjis sec^ the platelets them- 
v pelves la^f^^ ttimdr 
cells. 13 ^ Ih other ^ ms^c^/ platelets ^ are activateel by 
thrombin generation, . possibly due to the expression 
of tissue factor* known to^be -expressed by a variety of 
tumor cells. 1 ^- 16 Tissue factor is a potent activator of 
thrombin generation. Thrombin, in addition to being a 
central player in thrombus formation, is the most potent 
platelet agonist and it also activates tumor cells. 17 ' 18 In- 
terestingly, platelets not only are activated by thrombin 
generation but also play a role in initiating thrombin 
generation. The platelet GpHb/IIIa receptor is classi- 
cally known to mediate platelet aggregation, but a re- 
cent study has shown that GpHb/IIIa also mediates 
tissue factor-induced coagulation. 19 In this study, ab- 
cbdmab, and to a lesser extent eptifibatide, reduced 
thrombin generation and delayed clot formation. These 
results suggest that platelet blockade may not only pro- 
vide antiadhesive benefit by preventing tumor cell- 
platelet interaction but also provide anticoagulant activ- 
ity by preventing thrombin generation stimulated by 
tumor-derived tissue factor. 

Certain tumor cells in circulation rapidly recruit 
platelets, thereby causing a transient thrombocytopenic 
effect. Amirkhosravi et al 20 have demonstrated that 
murine tumpr celjs injected intravenously into nude rats 
rapidly induced thrbmbocytopenia. The murine F(ab') 2 
version of abaximab, 7E3 F(ab') 2 , that cross-reacts with 
rat but not murine GpHb/IIIa: and ctvp3 prevented 
tumor cell-induced thrbmbocytopenia. The functional 
consequence of blocking tumor cell-induced thrombo- 
cytopenia was almost complete eradication of experi- 
mental metastasis. The authors speculated that when 
tumors are shed into the circulation, they rapidly recruit 
platelets to form tiimor cell-platelet aggregates, which 
results in a transient decrease in circulating platelet 
count. These aggregates help tumor cells survive the 
hostile environment and facilitate in lodging at distant 
sites. These studies, in conjunction with results obtained 
from 10E5 experiments, suggest that inhibition of plate- . 
let GpIIb/IHa prevents hematogenous metastasis. 

PLATELETS REGULATE 
TUMOR ANGIOGENESIS 

In addition to facilitating hematogenous metastasis, 
platelets may participate in the growth and angiogenesis 
of primary arid disseminated tumors. Pinedo et al 21 ;have 
postulated that a true antiangiogenic therapy must tar- 
get platelets; Platelets are extremely numerous (2 X 
IQV|rriLj of bibod) and; contain one of the iargest stores 
?f J^giogenic and mitogenic factors, ani with a rela- 
sjiort dranating ,half-life of -5^7 .days 2 ! they 
i^^fjpjp^ contouoiist supply '..Sf "aa^. 

j^^wi^ ahdl ex- 



travasatei fibrinogen) that is deposited on the: tumor 
surface can provide ari .ideallsubstrate for platelet birid- 
mg. Platelet granules contain a variety of factors such as 
vascular; endothelial growth factor (VEGF), platelet- 
derived growth; factor (PDGF), transforrhihg growth 
factor p(TGF-0), ihterleukin-6 (IL-6), thrombin, and 
fibrinogen, and these modulators are secreted immedi- 
ately after platelet activation.^'^ M ost 0 f these fac- 
tors have been implicated in various steps of tumor pro- 
gression and metastasis. VEGF is one such angiogenic 
factor that is stored in large amounts in platelets. Recent 
studies report that platelet-secreted VEGF is a better- 
predictor of tumor progression than seriim VEGF. 2 * It 
is conceivable that platelet-secreted VEGF stimulates 
angiogenesis in vivo, and this is supported by in vitro 
evidence that platelets stimulate endothelial cell prolif- 
eration^ Antiplatelet agents such as abciximab can 
block platelet aggregation and adhesion to fibrin(ogen) 
and can also inhibit platelet degranulatioh.** By block- 
ing granule release, abciximab inhibits ADP-induced 
secretion of serotonin, TGF-p, PDGF-AB, and 
VEGF.20^25 I n addition to agonists, tumor cells can 
induce platelets to secrete VEGF and this secretion is 
also blocked by abciximab *° 

Platelets also stimulate sprouting of endothelial 
cells in in vitro models of angiogenesis, and GpEb/IIIa 
antagonists can inhibit platelet-stimulated sprouting.28 
These data suggest that platelet-endothelial cell bridg- 
ing involves platelet GpIIb/IIIa integrin and platelet de- 
granulation that results in secretion of angiogenic factors 
such as VEGF and thrombin, thrombocytosis, an in- 
crease in platelet count, is directly correlated with sur- 
vival of patients with lung and ovarian carcinoma »«i-A , 
correlation between thrombocytosis and serum VEGF 
1 and IL-6 levels was observed in patients with advanced . 

PatientS ^ thrombocytosis had a median 
VEGF serum concentration that was 3.2 times higher 
(P < 10-4) and a median IL-6 serum level that was 5 8 
times higher (P = 0;03) than in patients without throm- 
bocytosis^ Both VEGF and IL-6 have been implicated 
m growth and angiogenesis, suggesting that platelets 
could stimulate tumor growth,, angiogenesis, and metas- 
tasis. In addition to proahgiogenic factors, platelets con- 
tarn antiangiogenic factors such as thrombospondin.33 
For tumor angiogenesis to be sustained there must be a 
balance between positive and negative regulators of plate- 
let-secreted factors, and detailed understanding of this 
process should provide insight into tumor angiogenesis. 



yet me exact rAg^^ 
mained )*nc5^;3^^ 
dudW thar pM 

protective -coating^ tliat^can ■ pxe^^l^n^^ 
sponse : J^^tstucUes haye-be^ 
nisms invblved ^in - tumor ceU^^ 
Nieswandt et al 34 reported Aat natural; kiiler. cell-me- 
diated lysis of tumor cells is severely impeded by plate- 
lets in vitro and in mouse tumor models. The: authors 
proposed: that even when natural killer cells threaten 
the survival of tumor cells in the blood, platelets are 
- capable of protecting them from cytolysis, thereby 
promoting metastasis. This concept of surface shield- 
ing is supported by another study that elegantly 
demonstrates that heparin can block tumor cell-plate- 
let interactions in mouse tumor models: by inhibiting 
P-sdectin-mediated interactions of platelets with car- 
cinoma cell surface mucins.** This study provides a 
new paradigm for. heparin therapy suggesting that 
heparin should be viewed not just as an anticoagulant 
but also as an inhibitor of tumor cell-platelet interac- 
tions. The authors provide animal data to support that 
a single dose of heparin can reduce metastasis in a lung 
colonization mouse model. This suggests that even a 
short-term exposure with an appropriate antiplatelet 
agent in the appropriate microenvironment can 
markedly reduce long-term colonization by tumor 
cells; 



P MVTELETS ACT AS A CLOAKING DEVICE 
TP PROTECTTUMQR CELLS FROM 
IMMUNE SURVEILLANCE 

Tlie im^orWt;roie bf tumor ceU^platelet aggregate for- 
matto^ 

part of tte current tex^^^ 



DO PLATELETS CONTRIBUTE TO TUMOR 
GROWTH AND INVASION? 

Because platelet particles contain a variety of preinva- 
sive and prpmigratory factors, it is conceivable that ex- 
travasated platelets that come in contact with the lead- 
ing edge of the tumor could stimulate cell growth 
motility, and invasion. The role of platelets in directly 
stimulating tumor growth and invasion is not well ex- 
plored, but: there is some evidence suggesting that 
platelets stimulate breast cancer cell invasion.** Tumor 
cell-platelet bridging via fibrinogen or other proteins 
may initiate a signaling cascade that could stimulate 
tumor cell; invasion. Infegrins GpIIb/IIIa and avp3 
haye been implicated in this process, and antiplatelet 
mAbs can block tumor cell-platelet interactions in 
vitro and inrvivo (for reviews see references 3 and 37). 
There is no convincing evidence that platelets directly 
contribute to tumor growth either in vitro or in vivo 
Most in vivo studies of tumor cell-platelet interactions 
have used the lung colonization models, which may 
not be entirely representative of metastasis in humans 
Preclinical animal' studies designed to determine 
whemer inhibition of platelet function can regulate 
mmor powth and angiogenesis are needed in order to 
C ^ r ^ P^telets contribute! to tumor 

growth and'ihvasion. . : 



"MAHS INTt^OMBOSIS AND HEMOSTASIS/VQLUME 28; NUMBER ! j2jW2 



HAVE ANTIANGIOGENIC ACTIVITY? 

Results =fron^:'dihical studies with anticoagulants have 
been equivocal arid were reviewed in detail elsewhere. 2 
SeyerM st^ such as heparin^ vit- 

amih ; K .an^ohists, fibrinolytics, and cyclooxygenase 
and hpoxygpriase inhibitors indicate that no single 
agent by. itself is a potent inhibitor of platelet function. 
Abciximab, 'eptifibatide, and tirofiban are potent plate- 
let antagonistSj and they can be used to determine 
whether platelets contribute to tumor growth and me- 
tastasis. All three agents . block GpIIb/EIa integrin- 
mediated platelet aggregation and are approved for 
patients undergoing percutaneous coronary interven- 
tion. 38 Seyeral large cardiovascular clinical studies, have 
demonstrated that these agents are clinically more ef- 
fective than aspirin or heparin. 38 The reason for the su- 
perior antithrombotic activity of platelet GpHb/HIa 
agents* compared with aspirin alone is that these agents 
inhibit platelet aggregation irrespective of the agonist. 
These agents have been proved to be safe and effective 
and do not cause excessive bleeding. Use of these agents 
may help to determine whether blockade of platelet 
function provides antiangiogenic and antimetastatic 
benefits. 

There are several issues that must be considered 
* regarding chronic administration of antiplatelet agents 
tbpatients with cancer. These include a risk of bleeding, 
thrombocytopenia, and ah acquired immune response 
to platelets and/or to the therapeutic agent. Another 
issue that needs to be carefully evaluated is whether 
complete suppression of platelet function is necessary 
for efficacy arid feasible for long-term therapy. Single 
use of eptifibatide and tirofiban in patients with cardio- 
vascular disease can block platelet function for niinutes 
to hours, and abcbdmab in a similar patient population 
can inhibit platelet function for several days. 38 It is rea- 
sonable, to assume that sustained inhibition of platelet 
function would be required: to inhibit tumor growth and 
angiogenesis; therefore, repeated administration of 
these agents will be needed for chronic inhibition of 
platelet-mediated tumor growth and angiogenesis. In 
contrast, only a short-term exposure of antiplatelet 
agents would be required to inhibit hematogenous 
metastasis. 

The currently available platelet GpHb/HIa an- 
tagonists could be used to determine whether ^ inhibition 
of platelet function slows tumor angiogenesis aiid 
growth. Because platelets contribute to tumor angio- 
genesis and metastasis and ^antiplatelet agents do not 
have .a cytotoxic effect, these agents can be tested to de- 
termine whether they have antiangiogenic activity. The 
idea of low-dose conrmuous : ;tnetapy for antiangiogenic 
agents as proposed by Kerbel and others 39 could also be 
applied to this class of drugs.! Recent findings suggest 
/that low-dose continuous adrninistration of antiangio- ', 



gemc agents suth as the antibocfy to VEGF, when used 
m combination with vinblastine/ is more effective than 
infrequent :mbhpm"exapy. 39 ^It ; is conceivable that low- 
dose frequent ; thera^ with antiplatelet agents in combi- 
nation; with : cytotoxic therapy may yield an enhanced 
antiturnbr effect , when" compared with monotherapy 
alone. 

Folkman and others 21 ' 40 have postulated that a 
true antiangiogenic agent should hot only inhibit tumor 
growth but also block hematogenous metastasis, and 
multiple preclinical studies have demonstrated that in- 
hibition of GpHb/IHa blocks experimental metastasis. 
The murine F(ab') 2 version of abcbdmab, F(ab') 2 , com- 
pletely prevented tumor cell-induced thrombocyto- 
penia and lung metastasis in rats. 20 These results in 
conjunction with many other preclinical studies as dis- 
cussed earlier suggest that platelets use GpHb/IIIa to 
interact with circulating tumor cells and that blockade 
of this receptor prevents metastasis. 

Unlike the compelling evidence that platelets con- 
tribute to hematogenous metastasis, there are minimal in 
vivo published data to discern whether chronic inhibition 
of platelets can delay tumor growth and angiogenesis. 
Such studies are clearly needed in order to dissect the 
exact contribution of platelets to tumor growth and an- 
giogenesis. A few studies suggest that combined block- 
ade of platelet GpHb/IIIa and the angiogenic ayp3 inte- 
grin is superior , to blockade of just av03 integrin. 28 . 
-^baximab is . distinct from eptifibatide and tirofiban as it 
binds and blocks both GpHb/IIIa and ov03 integrin with 
equivalent affinity. Recent in vivo findings suggest that 
mE3F(ab') 2 has both antiangiogenic and antimetastatic 
properties, 28 These studies support the idea that an- 
tiplatelet therapy is also antiangiogenic Careful evalua- 
tion of antiplatelet therapy in combination with other 
tumorTdebulking therapy such as the use of cytotoxic 
agents is required to delineate the stage of tumor growth 
and angiogenesis at which platelets are most involved. 

Cancer patients at high risk for developing deep 
vein thrombosis, disseminated intravascular coagula- 
tion, and/or thrombocytosis are probably most likely to 
benefit from antiplatelet GpHb/HIa therapy. An issue 
currently facing clinical development of antiangiogenic 
agents such as endostatin, angiostatin, and VEGF an- 
tagonists is the lack of approved surrogate markers to 
monitor efficacy. Monitoring ex vivo platelet aggrega- 
tion is a well-established technique and can be used as a 
surrogate marker for monitoring the efficacy of an- 
tiplatelet agents in an oncological setting. 



CONCLUSION 

Tumor ^ells possess the capacity to interact with all of 
the com^ of the hemostatic system, activating 

the coagulation cascade and stimxdat^ 



botic properties of platelets and other blood cell com- 
ponents.^ Platelets are like stealth bombers that carry a 
large payload of growth factors to the tumor and act as 
doal&hg devices that protect the circulating tumor cells 
from the immune system and facilitate tumor cell ex- 
travasation. These multiple mechanisms contribute to 
tumor growth, angiogenesis, and metastasis. There- 
fore, it is possible that blocking tumor cell-platelet in- 
teractions can inhibit tumor progression. With the re- 
cent development of a new class of potent antiplatelet 
agents, the GpHMHa antagonists, we can test 
whether blocking platelets can inhibit tumor growth. 
Lessons from earlier clinical studies with the anticoag- 
ulants and with antiangiogenic agents that are cm> 
rently in clinical development suggest that antiplatelet 
agents should be developed as aritiangiogenics and 
used in combination with other tumor-debulking 
therapy.. Whether such a strategy will be successful 
merits careful consideration. 
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ABSTRACT 

• fowtamor cells Interact with a varied of host ceUssuch as endo- 
tteM celb and platelet ^ 

f P ^^^^^^^)7E3 Fab (ReoPro) and marine 
(m) 7E3 F(ab elucidate the role of these inte^ m angiogenesis, 
tumo^^ and^tastasis. These antibodies are potent inhibitors of 
GPHbAina and <rvfl3. e7E3 Fab inhibited ^/B-ntoliated Hainan umbil- 
ical vein endothelial (HUVEQiand melanoma ceii adhesion, migration, 
m™> ^ flbroW ^ t ^* fector stimulated proliferation of 
HUVECs (K^, values range from 0.15 to 5 fig/ntf for diffeitat assays). In 
an m ntro angipgenesls assay, c7E3 Fab inhibited basic fibroblast growth 
factor and platelet-sumutated capillary formation of HUV^Cs (1C™ = 10 
|ig/nil and l5 /ig/ml, respectively^ deinonstraUhg that endothelial ovfij is 
mutant for sprouting, and platelet-stimulated sprouting i|, me diateVby 
GPIIb/iria. to an expenmental metastasis assay, a single pretreatment of 
human meUmoma. cells with c7E3 Fab (2^ pgAnl) inhibited long coloni- 
zationof the tumor, cells in severe combined iinmunodeficient mice. In 
r°> f*. 'S ****** ^iteH growth of human melaVoma tnmo« 
m node imce compared with control-treated aninials. The*! data suggest 
ttat tumor «^r^ tategrtas areunportant but not tte omySm- 
ponent involved in tumor growth. Because c7E3 Fab and m7E3 F(ab% do 
not cross-react with murtoe totegrins, this uAlbnion of ntetasLs and 
S ^L^^ to . I^ect Wockaaeiof humamtumor «vB3 
tategrto* m7E3 F(abf) 2 completely blocked tumor fonnaflo| and growft 

Of human- ma an^mh ■ ll. -HiV- ■ l- •'■.'Lr l : ' " ^ 



«n, ana^ogenic|^ 

tod cate that comhmed blockade of GPfflWlIa and „v/» affords slgnifl- 
cant anhangiogenic and antitumor benefit. 

INTRODUCTION 

c7E3 2 Fab (abciximab; ReoPro) is a mouse-human chimeric mAb 
Fab fragment of the patent murine mAb 7E3. c7E3 Fab was the first 
agent to be : approved for use as adjunct therapy for the prevention of 
cardiac ischemic complications in patients undergoing percutaneous 
(,) - c7E 3 ^b binds with high avidity to the 
GPnb/ma (also known as oIIb/33) receptor on platelets, which is the 
major receptor involved in platelet laggrigatitu,: c ^ pajj ^ tods 
wtth^equivalent affinity to the vitronectin receptor av/33,. and it can 

2222^S^:?»*-^ t^*^ we 
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There is ho w considerable evidence that progressive tumor growth 
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is dependent on angiogenesis. The femnatioh of hew blood vessels 
provides tumors with nutrients and oxygen, allows the removal of 
waste products, and acts as conduits for the spread of tumor cells to 
distant sites (3). Several studies haVe Defined the role of mtegrins in 
the angiogenic process (4-6). During the angiogenic process, is 
up-regulated on the surface of activated endptneUal cells, which in 
torn helps these cells ; to ^ migrate,^ : &M^^i m &-f bB : tii i IO[ -- 
(4-6). An antagonist of ccvtfl, LM609. suppressed angiogenesis and 
blocked growlh of human tumors that did not express this receptor (7) 
LM60? was used in a SOD mouse human chimeric angiogenesis 
model. In this system, avp3-fleg«ivft lmmte:mela B o m « cefla^ 
mjected mto fuU thickness human skin grafted onto SOD mice the 
resulting tumors induced an angiogenic response that erihanced the 
OTwth of tumor cells in an orthotopic inicroenviiofuitent f7) Reiruiar 
admirustration of LM609 significantly inhibited growth of OV03- 
negative tumors by blocking : the growth of human blood vessels. 
Because LM609 does not cross-react with mouse integrins, its anti- 
angiogenic activity was attributed to blockade of huinan avfl3 recen- 
tors in the vasculature of the hrmnan skm. A subsequent study using 
the murine IgG equivalent of c7E3 Fab (m7E3 JgG) in the same model 
achieved similar results as LM609 (8). Sirrular t6:LM609, 7B3 does 
not cross-react with moiise integrins; therefore, it inhibited growth of 
human tumors by blocking human a V^3! receptors , in the vasculature 
of me human^skin. In these studies, a partial inhibition of Jumor 
growm was observed, and the combined effect of blocking tumor 
ceU-expressed «v^3 and endothelial expressed avi33 was not 
evaluated. One limitation of mis model is that tumors can grow even 
in the absence of human vasculature, : because the mouse vasculature 
can , sustain tumor growth. To the best of our knowledge, a relevant 
model exairuning simultaneous blockade of both host and tumor 
cell-expressed integrin has not.yet been evaluated; One purpose of our 
study was to evaluate whether combined blockade of host and tumor 
cell-expressed integrins was superior to blockade of tumor cell- 
expressed integrins in vivo. 

The clinical significance of 03 integrin expression in human mel- 
anoma was determined in a prospective study, that exarnined the 
expression of this integrin in patients who were followed for a mean 
£ TiTS" I 8,10518 With «hickness melanoma 
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P3 positive melanomas were, more likely, to die of their disease when 
compared with those with 03 negative tumors (8%) 

Angiogenesis can also stimulate ^-the metestatic cascade by provid- 
uig .condmtsforthe spread of tumor cells to distent sites (6, 11) Some 

S^ncf , ^ ,at - Plate i etS ™ iDV ° IVed ^vasaZ 
adherence or trapping of tumor ceU^platelet aggregates to capillar^ 
waUs, and protection of circulating tumor cells from the antituraor 

^ ftWta ^'*»* fc U » l^Th.ibleof^s • 
m facihteting hematogenous metastasis is well accepted,^ but Httle is 
known abpu, the tt role in contributing to growth oS primary Ste 
metastatic tumor. Platelet granutei.cpntain a variety ofaSoeenk 
factors such as VgGF, platelet-derived growth factor. STZ 
fibrmpgen, and fte^ moduli are 4in^^ jZjt£ 
•« activation ^i^y&^ ^^W^Z 
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fibrin'(pgen) that 'iSr.^osit^d on the tumor surface can provide ah 
ideal substrate for platelet -buidmg and activation. In addition, tumor 
cells can .activatetpito aggregation (14) and cause the please of 
VEGF from plaWet^ ! 05, 16), wjiich in turn can stirnulate: angiogen- 
esis. c7E3 Fab '.catt block GPHb/HIa-mediated platelet aggregaupn, 
degr^ulatib^^ (1), One goal of this study 

was to determine' whether, blockade of platelets could inhibit tumor 
growth in viyo. Recently, Verheul et al '. (17) have demonstrated that 
platelets stimulate endothelial ^cell proliferation in vitro. Clinically 
thrpmbbcytosis, an mcrease in platelet count, is directly correlated 
with survival of patients of lung and ovarian carcinoma (18-20), 
supporting the notion that platelets may play a role in tumor growth, 
angibgenesis, and metastasis. Trie central hypothesis for our study was 
that combined _ blockade of platelet GPHb/DIa, endothelial, and tumor 
cell-expressed arv/33 could have an enhanced inhibitory effect com- 
pared with blockade of tumor cell-expressed av/33 alone. c7E3 Fab is 
one such agent that can antagonize GPIIb/IIIa and ov]33, and it is 
widely used in the clinic as an antithrombotic agent. Therefore, we 
wanted to determine whether c7E3 Fab has anticancer properties. 
Results from this study indicate that c7E3 Fab and m7E3 F(ab') 2 , iu 
addition to providing antithrombotic effect, also possess antiangio- 
genic and antitumor properties. 

MATERIALS AND METHODS 

Reagents. Bovine bFGF and human VEGJ^ were obtained from R&D 
Systems (Minneapolis, MN). mAb 1976Z (LM609), a mAb against integrin 
ovj33, and MAB 1961 (PIF6), a mAb against integrin av/35, were purchased 
from Oiemicon (Temecula, CA). Biocoat cell culture inserts (pore size 8 pm) 
were purchased from Becton Dickinspn (Bedford, MA). Vybrant cell adhesion 
assay; kit (V-13181) was' purchased 1 from Molecular; Probes (Eugene, OR). 
Human plasm^gen;tree - fibrinogen (vori ' Wiliebrandi^ibiohectih depleted) 
was, purxjhas^^irom; Enzyme Research Labs (South Bend, IN). Bovine skin 
gelatin was purchased from Sigma (St Louis, .'MOV Human vitronectin was 
purchased from Promega (Madison, and type: I collagen trom Life 
technologies, Inc. (Gaithersburg, MD). p7E3 Fab; m7E3 : ^ab0 2 , and 10E5 
were generated at Gentocdr. For animal experiments m7E3 F(ab% instead of 



the iritadt IgGj was used to eliminate platelet clearance 'and any other Ft 
recer^-meoUated events. 

Cell Lines. iHUYECs were purchased from: Clonetics (Walkersville, MA), 
and cultured in EBNt complete . memum . (Clonetics) containing 10% fetal 
liovmeser^ipng R^i^ ascorbic acid, hydrocorti- 

sone, human epidemial growth factor; human VEGF, geniarnicin sulfate, and 
amphoteridn-B. Cetts were grown at 37°C and 5% C0 2 , aid medium' was 
changed every. 2-3 days: Cells ; were passaged when they, reached .80% con- 
fluence. Passages 3-8 were used in all of the experiments: The A375S2 human 
melanoma cell line was obtained from American Type Culture Collection 
(RockviUe, MD), and deemed free of Mycoplasma bacterial contaminants. 
The cells were cultured in DMEM supplemented with 10% FBS, 2 mM 
L-glutamine, 1 mM sodium pyruvate, and 0.1 mM nonessential arnino acids. 
HT168M1 melanoma cells were isolated from a patient as described (21) and 
were cultured in 10% FBS and RPMI 1640. Human colon carcinoma HT29 
cells were obtained from American Type Culture Collection, and deemed free 
of Mycoplasma and bacterial contaminants. The cells were cultured in a-MEM 
supplemented with 10% FBS, 2 mM L-giutamine, ImM sodium pyruvate, and 
0.1 mM nonessential amino acids. 

Flow Cytometry. To stain surface integrins, cells were harvested, rinsed, 
suspended in unsupplemented RPMI 1640, and sequentially incubated for 60 
min at room temperature with anti-integrin mAbs (10 /xgfrnl) and FTTC-labeled 
goat antimouse antibody (1 :200). in some instances, cells were directly labeled 
with FTTC-labeled anti-integrin mAbs (10 jLtg/ml). Absence of primary anti- *■ 
body or substitution of primary antibody with isotype-matched irrelevant 
antibody served as negative controls. Cells were immediately analyzed with a 
fluorescence-activated cell sorter Scan H flow cytometer (Becton Dickinson, 
Mountain View, CA). 

Adhesion Assay. Microtiter plates (Linbro-Titertek; ICN Biomedicals,. 
Inc.) were coated at 4°C overnight with vitronectin (1 ^tg/ml) r gelatin (0.1%), 
fibrinogen (100 p&mX), type I collagen (10 ^ml), or fibronectin (lO^ml)! 
Fibrin-coated Microtiter wells were formed by thrombin treatment (1 units/ml) 
of fibrinogen. These concentrations of proteins supported ojrtimal cell adhe- 
sion. Immediately before use plates were rinsed with PBS arid blocked for 1 h 
with 1% BSA/PBS (pH 7.4). Adherent cells were labeled with Calcein a.m, 
fluorescent dye (Molecular. Probes) accbnfcngto me. manufacturer's instruc- 
tions, harvested, washed twice, ana" suspended in 0:1% BSA in DMEM. After 
cell density was adjusted to 5 X l(rVml, cells were incubated with various 
concentrations of antibodies for 15 miri at 37°C. The cell-antibody mixture was 



. Bg. l. HT2? cells (A-Q express: av05 but not riv£3 
integrin on trtejr surface. HUVEC (D-F) and A375.S2 (GW) 

: cells express ocvpS; arid ,«v03 integrin on their surface. 
Tumorcella ; and endothelial: cells were stained by immu- 
nofluorescence and analysed by flow cytoinetry. The his- 
togram on. the ^represents background fluorescence in 
the presiince of isot^\niatchediartf^ The histogram 

. on the right indiczSxis staining of tiest antibody! A, D, and G; 
LM6n9 (mAb' directed to acv£3,'10 /ig/ml); B, % and H, 
PIF6 (mAb directed to ovj35,.10 /igfrnl); and C, F,:ahd j, 
c7E3 Fab (10 figftnl). Ml, marker that indicates the gate for 
positive cells. . 
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Fig , 2. Adhesion of HUVECs and A375S2 melanoma cells to matrix proteins Adhe- 
sion assay was performed as . described , in Materials and Methods." CeU adhesion to' 
BSA-coated wells.seiyed as a negative control Extent of cell adhesion in the presence of 
vanous concentrations of antibody was plotted as a percentage of cell adhesion in the 
absence;of antibody that was consideredias 100%. Each data point is the mean of triplicate 
determinations and is representative of at least three experiments; bars, ± SD. 

added to wells (100 /xl/well) and incubated for 1 h at 37°C. Plates were rinsed 
twice with PBS to remove unbound cells, and adhesion was measured in a 
fluore^ence plate leader (Rubroskari'; Tecan, Research Triangle Park, NC) at 
485^538 nm. : Cell aoiesion to BSA-coated wells served as a negative control. 
Isotype-matched antibodies served as: a negative control. 

Cell Migration Assay. CeU migratiorj assays were performed in 24>trah- 
swell' criambers jwith a polystyrene : membrane (6.5-rnm diameter, lO-pm 
thickness, ahji 8-/xm pore size) as described ; previously (22). Briefly, the 
underside of ;the membrane was coated with vitronectin (2 /ig/ml);for 60 rnin 
at room temperature and then blocked with a solution of 1% BSA/PBS at room 
temperature for 60 min. Next, membranes were washed with PBS and dried 
Serum-free medium (750 pi) containing 0.1% BSA and: bFGF (20ing/ml) or 
medium containing 10% FBS was added to the lower chambers. Suoconfluent 



24-h cultures were harvested with trypsin-EDTA, washed twiqe, and resus- 
pended in serum-free medium. Cells (100,0007500 jil) were added to me upper 
chambers in the presence or absence of antibodies. The chambers were placed 
in a tissue culture incubator, and inigration was allowed to.rapceed for 4-6 h. : 
Migration was terminated by removing the cells on the top with, a cotton swab, 
and the filters were fixed with 3% paraformaldehyde and stained with Crystal 
Violet The extent of cell migration was deteimined by light microcopy, and 
images were analyzed using the Phase 3 image analysis software (Glen Mills, 
PA). The software analyzes the total area occupied by the stained cells on me 
bottom side of the filter, and this is directly proportional to the extent of cell 
migration. 

Invasion Assay. The cell invasion assays were performed as described 
(23). Briefly, fibrinogen (plasrmnogen-free 100 m! of 10 mgYml) and 100 jd of 
1 unit/ml thrombin was mixed, and immediately added to me top chamber of 
24-well transwell plates (6.5-mm diameier, 10-pxn thickness, and 8-ixm pore 
size). The plates were incubated at 37°C for 30 min to form, a fibrin gel. 
Confluent tumor cells (A375S2) were tiypsinized, centrifuged, resuspended in 
basal medium supplemented with 0.1% BSA and 10 /i^ml plasminogen 
(Enzyme Research Labs) with various concentrations of antibodies, and incu- 
bated for 15 min at room temrjetature. Cells (100,000/500 /d) were added to 
the upper chamber in the presence or absence of antibodies. The lower* 
compartment of the invasion chamber was filled with 0.75 ml of 10% FBS- 
DMEM, which served as a chemoattractant, and the plate was transferred to a 
tissue culture incubator. After 24 h, invasion was terminated by removing the 
cells on the top with a cotton swab» and the filters were fixed with 3% 
parafonrmldehyde and stained with Costal Violet The extent of cell migratioh 
was analyzed using the Phase 3 image analysis software as described above. 

Endothelial MC^based Sprouting Assay. A modification of the methods 
of Nehls and Drenckhahn (24) was used to measure capillary tube formation in 
triree-dirnensional fibrin-based matrix. Gelatin-coated cytodex-3 MCs (Sigma) 
were prepared according to reconimendations of the supplier. Freshly anto- 
claved MCs were suspended in EBM-2 + 20% FBS, and endothelial cells were 
added to a final concentration of 40 cells/MC. The cells were allowed to attach 
to the MCs during a 4-h incubation at 37°C. The MCs were then suspended in 
a large volume of medium and cultured for 2-4 days at 37°C in 5% C0 2 
atmosphere. MCs were occasionally agitated to prevent aggregation of cell 
coated beads. MCs were embedded in a fibrin gel that was prepared as follows: 
human fibrinogen (2 mg/ml) was dissolved in plain medium containing anti- 
bodies and/or bFGF, PRP containing 250,000 platelets/^ PPP, or serum 
containing EBM-2 medium. PRP, PPP, and gel-filtered platelets were prepared 
from cttrated whole blood obtained from healthy volunteers as described (2). 
To prevent excess fibrinolysis by fibrin-embedded cells, ajjiotimn was added 
to the fibrinogen solution and to growth medium at 200. units/ml. Cell-coated 
MCs were added to the fibrinogen solution at a density of 100-200 MCs/ml 
(50-100 beads/per 48-well plate), and clotting was induced by addition of 
thrombin (0.5 units/ml). After clotting was complete, 0.5 ml. of solution 
(containing all of the components described above except fibrinogen and 
thrombin) was added to the fibrin matrices. The plates were incubated at 37°C 



Extent of ceU adhesion in ' ^f> n * H ™?*^7SS2 to vitronectin, geUuin, fibrinogen, fibrin, frronec^and ^ I catlap 



A. Adhesion of HUVECs (%) ±SD 



Human IgG 
LM609 
PIF6 
: LM609 + PIF6 
c7E3 Fab 



Vitro nectin 

96.3 ± 11.4 
26.3 ± 3.7 

39.8 + 5.9 
3.7 ± 0.4 

54.9 ± 0.9 



Gelatin 

109.0 ±8;8 
36.5 ± 4.7 
94.4 ± 15.1 
32.2 ± 5.2 
2.5 ± 23 



Fibrinogen 

108.0 ± 6.3 
14.3 ± 2.5 
94.5 ± 4.2 
10.7+1.1 
8.7 ± 2.9 



Fibrin 

99.7 + 4 J 
48.1 ± 1.5 
96.7 ± 4.5 

30.7 ± 8.9 

35.8 + 3.0 



Fibronectin 

96.8 + 4.7 
102.8 + 73 
103.2 + 3.8 
99.6 ± 4.7 
96.3 ± 2.8 



B. Adhesion of A375S2 (%). +SD 



Type i 

collagen 

993 ±4.1 
108.8 ± 12.7 
115.7 ±8.1 

116.2 + 4:1 

99.6 ± 6.0 



Vitronectin 



Gelatin. 



Fibrinogen 



Fibrin 



Type I 
collagen 



Human IgG 

LM609 

PIF6 , 
;LM609;.+ P1F6 
!c7E3Fab 



104.0 ± 53 
42.1 +6.1 
28J ± 3.8- 
0.9 ± 03 
38.1 ± 0,7' 



94.6 + 12.4 
25.2 + 7.1 
.87:4 ±7.8 
i 1.1 ±1.5 
6.0 ±1.0 



102.5 + 5.9 
14.0:± l.S 
99.4 + 3.6 
10.3+16 
6.5I+2.1 



99.3 + 4.0 

, . 5<£6 + i;9 

.925 + 4.7 
; 47.6 + 3.2 

;-12.9:+3;8-.,-|- 



100.0 + 5.5 
104.O+8.1 
101.0 + 5.7 
109.0 ±4;1 . 
104,0 ;±i6 



99.1+33 
100.0 + 1.5 
10i:0±73 
102.0 + 4.6 
. 93.1 + 3.1 



Kg. 3. ; Migration of HUVECs toward vitronectin 
in the presence of bFGF. the ^ undersides of ; migration 
chamber filters were coated with 2 ^g/ml ; of vitronec- 
tin, and me assay was performed as described in 
"Materials and Methods.'* Cells were allowed to mi- 
grate for 6 h. Each data point is the mean of 3 
transwell filters; heirs, ?± SD; Djgital photomicn> 
graphs of enoothelial cell;niigrationm me presence of 

A, bFGF. (20 rig/ml) + control antibody (26 /igAnl); 

B, bFGF (20 ng/ml) + c7E3 Fab (5 jtg/inl); C, bFGF 
(20 iigftnl) 4 c7E3 Fab :(40>gtol); and p, control 
antibody (20 ^g/ml) and absence of bFGF. £ graph- 
ical' representation of inhibition of cell migration in 
the presence of various antibodies. 
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! and 5% COj for 1-3 days. After K3 days, gels were fixed; with a solution of 
3% paraforrnaldehyde in PBS, and the nujnber of capillaiy, sprouts with length 
exceeding ttedimnefcr-'of tto MC bead (150 ^un) was quantifiedby using the : 
Phase 3 image analysis, . . 

Endothelial Cell Proliferation and Apoptosis Assays. Subconfluent 
HUVECs were trypsinused, washed, arid resuspended in complete medium. 
Cells (5000): were added to each; well of 96-well plates. To test Whether the 
plates themselves may influence : the i assay; endothelial ceils were plated on 
normal tissue culture plates, mgh protem-bmding plates that were precoated 
witjh vi^nedin (l yxg/ml), gelatin (0.1 %), or type I collagen: (2 jLtg/ml). Cells 
were allowed to attach for 2 h, me^um Was iaspirated, wells were washed once 
with; arid 100 ^ of ;me<uum or;2% seium-Mi^9) 

contttinirig : bovine bFCjp^2 (ft&D systiip), human J recombinant VEGF l65 
(r.+jp Systwns), anpyorvatfous:^ ^;addfed!jbo e|ach well. The plates 
Were mpubaticd at 37 9 C fbV;48;L J^tent of l^^]ijarptU£Bxi^ibd- >ra*- detennined by 
1^'_<^dterj.96. Jktfpmik QPtrah^a); A}rP ikit (Pacl^p^j Meridian, CT), or 
BrdUrd kit (focogene. Research ftodu^ thje MTS arid meiBrdUid assay, 
^sprb^ce^was measured at^jnomand^ 

cence.imte^ity was measiu^^fjor; juSe] £tre ] assay m , a j Topp>imt ^ 
(Pat^B^/Tp. quanti^ ^ptosis, c|jls :W^re treated as>toVe.toth. antibodies 
ot positive, cpn^ of E)N A fragments 1 were 

n^urkby; usingjt^ Celi pM^ I5etecU|)p i 'EUSA PI ^ ,S kU. (Roche Diagnos- 
tics 'Gnib^jMan^ , |: 

^trigeljjbas^ An^o^nes^ AsMyj inj Nide Rats. ^ -iilatrigpl'.iiliijg-. 
bas^:ap^b^enesis ^ay^was p^ormeci as described earlier (25) with slight 
modifitjatidri^ Brtefly, icoid jMatrigel; (filectpri Dickiiison}| was- mlxed ; .With 
bFGilj 0 /i^ml) ^d mlBS FiCab/ j 2 (^3fe:/i^rnl):or an equal volume 1 of PBS. 
The;nc|)ct \day, 2 iinl p& Marhg^ soiutipn: was injected = s.c. into nudjeirats 
(^aconic, ^rm^to^ijNY); apid aium^lwere dosed i.pi wijii 6 mgtj&g of 
inTTBS £Cab;) 2 . Tbis : dcjse! ^ of ,m7E '''V0i% : cornpletely ^rihibit^ rat platelet 
aggregation : ioc vivo C26)| Animals were^o^'e^yexy day for 6 days, andi jjlugs 
were rempved ori day 7.^rhe extent of angibgenesis was quaitified by usik^tfae 
r^^sld||;(Si^a>a^des^^ ; : ' . ! \ 

* tiu^i .^Meitastaks; 'Assay- !thp lu^j Bietastasis assay! Was: p^orm : ed as 
des^l^ pr^yio^iyi(27>i;H pejls were ^treated 

widi ^p^/^'plp7& Fab «r:Cpr^ll^r«^y:for rnip at room temper- 
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ature, washed, and I X 10 6 cells were tail vein injected into female SCID mice. 
After 1 month, animals were euthanized, lungs were removed and fixed in 
paraformaldehyde, arid the niimber of lung colonies were counted 

Growth of Human Melanoma Tumors In Nude Mice and Nude Rats. 
To determine whether m7E3 .F(ab')2 could inhibit tumorrgrowth'w vrvo, we 
used a human melanoma xenograft model in nude mice and nude rats. Briefly, 
A375S2-cells (3 X 10^/animal) were s.c. : injected into female nude mice 
(Charles River, Raleigh; NC) or riudje rats (Taconic). Tumor cells were pre- 
treated with antibody (100 u.gftnl : for 5 min) before injection or therapy was 
initiated after animals nil developed measurable tumors; Antibody was in- 
jected i.p. at a- dbse of 200 ^g/amrnal or at an; animal -body weight-adjusted 
dose of 3-10 rbgi/%; Control grpups were ^ injected witi equivalent vpiurne of 
diluent (raS). T^unbr volume (pam^) was- balcnlated based on ^the! formula: 
(leng|th >C- width X - width)/? and tiimof wet Weight (mg> was obtained at 
terminatiori of ithe study. 

RESULTS 

Endothelial and Tumor Cell Adhesion to Matrix Proteins. How 

cytometry was used to characterize integrm expression; A375S2 and 
HUVECs expressed both l av/33 and crvpi integfins, .whereas HT29. 
cells expressed av$5 but not ov03; "(Fig.r.1). A375S2 and HUVECs 
bu|t not HT29 cells stained with c7E3 fab (Fig. 1): therefore, we used 
A375S2 and HUVECs tojdetennine the effects of ovj33 blockade in 
tumor growth and angiogpnesis. 

Because av03 binds geJatin, fibrinogen, fibrin, and vitronectin (28, 
29), we questioned whether c7E3 Fab could block ceil adhesion to 
tMse matrix proteins;. c?E3 Fab. completely ir^bited adhesiqn of 
Hl[JVECs: and A375S2 ceils to fibimogen;and;geiatini and it partially 
inljybiteo^^ Table i). c7E3 Fab 

completely iriMbit^d tuirkor cell adhesion to fibrin, whereas it partially 
blfeM-en^otheliai ceU acfliesion to; fibrin (Fig. 2; Table; L)i suggest- 
ing that endothelial cells iuse more l|han tie; prv )33! receptor to adhere 
to'iibrin. Biecause ^ Hlt-29 ceUs do iot express av^SMntegrin, c7E3 
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Fab did not block cell adhesion (data not shown). Collectively, the 
data indicate that av]33 mediates cell adhesion (Figs. 2 and 3; 
Table 1). - 

Migration of Human Melanoma and Endothelial Cells, Results 
described above indicate that c7E3 Fab blocked crvj83-mediated cell 
adhesion, therefore we determined whether c7E3 Fab could block cell 
migration. c7E3 Fab dose dependently inhibited bFGF-stimulated 
endothelial cell, migration (Figure 3). Interestingly, c7E3 Fab also 
inhibited migration of A375S2 when serum was used as a chemoat- 
tractant (Figure 4). Although c7E3 Fab only partially inhibited cell 
adhesion to vitronectin (Figure 2), it completely blocked cell migra- 
tion towards this matrix protein. Similar results were obtained with 
LM609, P1F6 and the combination of both antibodies (Table 1). 10E5 
did not block migration of A375S2 cells, suggesting that GPHb/DIa is 
not functionally expressed in this tumor cell line. These findings 
suggest that endothelial and melanoma cells primarily use av/33 
integrin to migrate towards vitronectin, and c7E3 Fab can inhibit both 
bFGF and serum stimulated cell migration. 

Human Melanoma Cell Invasion through Fibrin. Because c7E3 
Fab inhibited cell adhesion and migration* we determined whether this 
antibody could block invasion of tumor cells. Invasion is a multistep 
process that involves cell, adhesion, degradation of the matrix, and 
migration of cells through the degraded matrix. We chose fibrin as a 
matrix for tumor cells because peritumoral deposition of fibrin in vivo 



facilitates tumor cell extravasation and hematogeneous spread (30). 
Invasion of A375S2 cells was inhibited by LM609 (Fig. 5), suggesting 
the involvement of at least av/33 in this process. Similarly, c7E3 Fab 
dose-dependently inhibited tumor cell invasion through fibrin. P1F6 
was only partially effective at inhibiting tumor cell invasion, and no 
enhanced inhibition was observed when it was combined with 
LM609, suggesting that av£5 is involved to a lesser degree than av03 
in tumor cell invasion. Irrelevant IgG arid a mAb directed to platelet 
GPHb/EHa (10E5) served as negative controls. Collectively, these data 
suggest that blockade of orv/33 by c7E3 Fab can effectively block 
invasion of human melanoma cells. 

c7E3 Fab Inhibits Proliferation of Endothelial Cells by Promot- 
ing Apoptosls. Because angiogenesis involves not: only endothelial 
cell adhesion, migration, and invasion, but also endothelial cell pro- 
liferation, we asked whether c7E3 Fab could inhibit proliferation of 
endothelial cells. c7E3 Fab dose-deperidently blocked endothelial cell 
proliferation stimulated by bFGF and serum (Fig. 6). c7E3 Fab 
inhibited cell proliferation by inducing, apoptqsis of proliferating 
endothelial cells (Fig. 6B). No effect of the drug was observed on 
quiescent endothelial cells, suggesting that orv03 function is only 
essential for proliferating endothelial cells. These findings indicate 
that c7E3 Fab inhibits endothelial cell proliferation in response to 
serum and bFGF, suggesting that av)33 plays a central role in medi- 
ating endothelial cell proliferation. 
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. Fig. 4. -Migration of A375S2 cells toward 10% 
FBS. Migration assay was allowed to proceed for 
4 b," aid the data: were captirxed as described in 
"Materials and Methods." ; Digital photomicro- 
graphs of tumor cell migration iri: (A) absence, or 
presence of c7E$: Fab; (B) ;5 /xg/ml and (C) 20 
/ig/rnii A graphical .representation of cell migra- 
tion in the presence of various concentrations of 
c7E3 Fab or 10E5 F(ab')i- : .£ graphical represen- 
tation of cell migration in the presence of 10''f{gAnl 
of various; antibodies or B'S& ^ The'data were 1 npr- 
maiiziddjto percentage of cohntii (BSA)! whidrwas 
considered as' 100&>, arid each' point ts the mean of 
three ttanswell filters; bars, ± .SD. : 
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Kg. 5. foviasion of A375S2 1 cells through a fibrin gel 
, Invasion was altoi^; to. proceed for. 24 h, and the assay- 
was petfonied as 'described in • : *Materiab and^thods." 
^oWucrog^te,are reiterative fields (X4 objectivc 
. lens) of cell invasion in (4) tlieabfcaice of antibodies or 
(B) c7E3 Fab (io:>g/mi); C, dose-Kiependent inhibition of 
tumor cefl ihvasiop by, p7E3 Fib: O, invasion ia presence 
of ^yariiojis Mtibodies :at (10 Mgtal). TTie^data were nor- . 
inalizedto pcnientkge of control;(no antibody), vtfiich was 
considered as 1 00%, . and each point is the mean of three 
transwefl filters, and the graphs are representative of at 
least tibtree separate experiments; bars, ± SD, 
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Inhibition of Endothelial Cell Sprouting. Endothelial cell sprout- 
ing in a three-dimensional fibrin gel is highly representative of ah- 
giogenesis,: This ^say irivplyes 'endothelial cell proUferation, adhe- 
sion^ :spiea^g^ iriigratibn, and invasion of . endothelial cells. To 
confirm arid extend tri : findings described above, we determined 
whether c7E3 Fab could block experimental angidgenesis in : this 
assay. c7fi3;Fab^ 

ual sprewting- in |a fibrin! gel (Fig. 75)/ Isotyr^^atched irrelevant 
mouse; and human iantibodies i s^ved as negative coiiirok. . ' 

^l^kiitiohj to : IbTOf', ; .seyer^ othdr factors stick as VEGF and 
TG^ c^ :sl?mujatd etidpmeliat - ceil prblifemtion: Platelet granules 
con taki many jgro^f^tors iriCluo^ yEGF (13) thai are secreted on 
jdatel&. activation and /aggr^g^tiori; c7E3 Fab bloc^ VEGr? release 
f^;platple^ ^I Vf^P;; (15,^16): Therefore, we e^lbred whether 
platelets &ul<j stiiriillate ^ endpihejial ceili sprouting £uj,d whether c7E3 
: ^ I 9 clc ';^4 s '|e^ct -^'70 indicates thatlpRpistimulated 
endotheUal ^putiiig ;tp;a:gfe^ter; extent than PPP, ;suggpsun£ that 



platelets 



j |timfaate ^jgip§CT4sis : c7fe3' Fab completely mhibited tiohs 
tidd endothelial cell ! sbrotitin cr: howw^ 1 >i>>4tic*» Anrii t-i 



gp; 



^^f^^fed eh^t|ieli4i;c^li l^rptitin^; howeyeti! because ;c7E3 
Fab^p bl(icb ^£3 Jti :w^ 

> JIti/HIaiWas involved in i^jei-stiniulated endotiielMlsproutinff 



^^Vpive^ht;^ iGjR^^y^ deinWtrated bjHlflie qtservation 
^&pS> 0i^!^:Gf^^ cpnipletely; Mbcfced gel-ffltiered 

plat^leTlRli mUtat^k i-^Kf tikVtoi&oti U^~.A*: : J> 'J Vej: l- * t'I'L - ,7! . 

bpthi) 

ar^o|enic '^t^^^^^^^^ii^ $uch as<bklr7; : 
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c7E3 Fab Inhibits Experimental Metastasis of Human Mela- 
noma Tumors. Earlier studies indicated that m7E3 F(ab') 2 recog- 
nizes rat integrins but not murine integrins, and it blocks experimental 
metastasis of mouse tumor cells in a rat (15). The proposed antimeta- 
static mechanism that explains these results is that the antibody blocks 
the host (rat) platelet GPIIb/IIIa and ovj33 integnns, thereby prevent- 
ing seeding of me murine tumor cells in the lung endomelium. To test 
if blockade of tumor cell expressed av03 without inhibiting host 
mtegrins could inhibit: lung Metastasis/ we chose a lung colonization 
model of human melanoma metastasis! in SCn) mice. In this model, ' 
c7P3 Fab only binds; to the human tumor cell Expressed ihtegrih but 
not to the host (mouse)! integrin. A single pretreatmerit of human 
melanoma HT ; 168M1 cells with c7E3 Fab (2.5 >g/ml) significantly 
decreased me number and ; size of tumor colonies in the mouse lung 
(Fig. 8)i These; results coUectiyely suggest that Ijlockade of tumor cell 
<*V03 can provide; antimetastatic benefit by blocking tumor cell- 
platelet, tumor ceU^endpthelrum, and : platelet-endothelium interac- 
* : ohs. • 

inhibition of bFGF-stimuiated Angiogenesis in Nude Rats. Re- 
sults descnbed:above indicate that c7E3 Fab is a potent antimetastatic 
agent in vivo and aq; aritiangiogenic agent in vitro. Next, we deter- 
mined whether endpfeiiaJ avj33 and; platelet GPITb^ : integrins 
were myolvedin an^ogenfesis m vivo. c7E3.Fab does not cross-n-act 
wiui mouse or J*t intjegrins; however, n>7E3 F(ab') 2 cross-reacts with 
rat j mte ^^( 2 f); ^forei we evaluated its antiangiogenic activity in 
Vi Z?tV f^^^ ^W Plug angiogenesis model 
m7jE3 F(ab )2 !at 6 rng%; completely iihhioited ex vivo tat plareiet- 
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Fig;/6. p7p3 Fab inhibits, c^l proliferation by promoting appptosis. Cell proliferation 
and apoptosis assays were performed as described in /Materials and Methods.". A c7E3 
Fab inhibits bpGF seium stimulated proliferation of human endothelial 

cells. lfcdab : an^btrjBd.as luminescence intensity, which is directly propb/rtioiial to cell 
number. Basal represents luminescence intensity observed in the absence of bFGF and 
serum. B, ;c7E3 Fab" prornotes fapoptosis of proliferating endothelial cells. HUVEGs were 
cultured if ; the presence of bFGF as described in A and various concentrations of the 
positive car^tiQl (etoposide) or c7E3 Fab. Absoibarice on the Faxis is direcUy proportional 
to extent, of japoptbsis. Each point represents the mean.: of triplicate detenninatioris; 
bars, ± SD. 



aggregation (26); therefore, this dose of the antibody was used to . 
determine whether m7E3 F(ab')2 could ir^bit bFGF-stira an- 
giogenesis. Trie antibody was adnunistered daily for 1 week, Matrigel 
plugs were removed, and hemoglobin content ina^cated: that m7E3 
F(ab') 2 significantly inhibited an^ogenesis m nude rats (Fig. 9). 
These data; demonstrate that blockade of rat av/33 and GPIIb/lIIa can 
inhibit angipgenesis in rats. 

m7E3 F(ab')i Inhibits Growth of Human Melanoma Tumors In 
Nude Mice and in Nude Rat& Because c7E3 Fab inhibits human 
melanoma cell adhesion and invasion in vitro, we explored whether 
m7E3 F(ab') 2 could inhibit tumor : growth independent of blocking 
angiogenesis in a human melanoma xenograft model in nude mice. In 
this model, m7E3 F(ab') 2 only blocks human tumor integrins but not 
mouse integrins. Antibcxijr therapy (10 mg/kg) was initiated 3 days 
after tumor cell inoculation, and : the dosing regimen was three times 
per week for the duration of the study. Fig. 10 indicates that. m7E3 
F(ab') 2 partially inhibited growth of human melanoma tumors in nude 
mice {P = 0.0002). These results provide direct evidence that block- 
ade of human melanoma cell-expressed av/33 integrin, without inhib- 
iting mouse 03 integrins, can partially inhibit tumor growth in vivo. 

We hypothesized that combined blockade of both tumor cell-, 
expressed av]33 and the host 03 integrins (platelet GPHb/EHa and 
endothelial ocv03) may result in enhanced inhibition of tumor growth 
in vivo. To test this hypothesis, the same human melanoma A375S2 
cells used in the mouse studies were used in a rat model where m7E3 
F(ab') 2 blocks multiple integrins: platelet GPIIb/IIIa, endothelial 
av/33, and tumor cell dv03. This model mimics the clinical situation 
where the relevant integrins are expressed by the tumor and the host. 
A dose of 6 mg/kg of m7E3 F(ab') 2 was used, because at this 
concentration the antibody completely inhibited ex vivo rat platelet 
aggregation (26) and iiunbited angibgenes 9). Two 

series of experiments were performed in nude rats. In the first exper- 
iment, antibody and tumor cells were coinoculated into nude rats, and 



Fig. 7. c7E3.Fab inhibits sprouting of human 1 
endothelial cell, ^digital photomicrograph of 'a 
representative bead : coated with HUVECs cultured : 
in a fibrin gel. The number of microvessels sprout- 
ing from the bead (total sproutsVSO' beads) was 
quantified as. de^bed in '^terials and Meth- 
ods." B, effect: of c7E3 Fab . on bFGF-stirnulated : 
endothelial "sraouting: Control bar represents, 
sprouting in. the absence of antibody. Mpuse IgG 

: and human IgG were used at 20 M&'ml as negative 
cOTtrol antib^es./and. LM6W; was iised at 20 
{tg/inl. C, dose^ependent inhibition of endothelial 
sprwting by ; c7E3 Fab; in the presenceiof PRP and 
PPPJ D, dV^^pena^Sinhibitipn of endothelial 
cell ; sprouting by c7t3 Fab and 10E5 in :the pres- 
ence of gel-altered platelets. : 'rv sprouting in the 
absence = of g^fUtereid ^platelets; +," maximum 
sprouting in the presence of platelets and mouse 
IgG (20 ^g^rnl). Eac* dira pbihr is : mjeaW of at least 

; b^pU^to,dekermb2atiori^^ and the j graphs are rcpie-. 
sentatiye of ;two separate experjupents ; bars, £ SD. 
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.Fig. «; Sffept of c7E3 Fab on lung metastasis of 
human : melanoma . : eell$,\ Human ! melanoma 
HT1 68M1 cells wane rocubated with control anti- 
body (2.5 /*#ml) or c7E3 Fab (2.5 jig/ml) for 30 
min at roara -Uanpeianire, cells were centrifuged, 
resuspended, and 1 X 10 s ceils were tail vein 
injected into male SOD mice. After 2 months, 
animals were eumanized, and Iiings were removed 
as described in "Materials. and /tfcthods." A, pho- 
. tpgraphs. of representative lungs treated with con- 
trol antibody or c7E3 Fab. B, the number of surface 
Iiing colonies were counted under stereomicro^ 
scope. Each data point represents one animal, and 
the line is the median of the data points. A one- 
tailed / test analy^s.indicated that c7E3 Fab signif- 
icantly decreased the mimber of rumor colonies on 
the lung surface (P = 0.0015) and the weight of 
tumor-bearing lungs (P = 0.0463, data not shown) 
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bFGF : :bFGF+m7E3F(ab) , i. 

*&S V *'* NOF-stinuUated angiogenesis in Malrigei plugs in nude- 
S£k5? "^T ^ "WOfi^ »ss?y was performed as described ii "MaSkL 
Methods.' Each point represent, hemoglobin contem from a MalrigeTpl^^^Sr^ 
or^amr^,andu«l^ r epr^>c 



antibody therapy was administered cither 3*/wk or 5x/wk for the 
dmtjon of tj,e study. Tumor formation and growth were dramatieaUy 

w?Sf W treated 

with m7E3 F(iV) 2 3x/wk developed:measurabie tumors lOdays later 
compared ^rithjthe control group, ami Wmals^rxeatcd with the --aitti. 

«>«rse of the 

stud ..Oi^y 5G% of^ammajsin the 3x/wk antibody tr^ntgnAip 
developed tumors, and these tumors iwere significantly smaUer com- 
pared with the control group (P < 6:001; Fig. .11) 
. To detinmne wither m7E3 F(ab;)i could inhibit growth of. pre- 
formed tumors in; nude rats, human meianpma A375S2 cells were 
moculated into nude rats, tumors were; allowed' to grow up to -150 
mm , an^.animals jwere randomize.! land then treated with'm7E3 
F(ab )j 0 ,mg/kg, daily, fcp. administration for the duration of tie 
smdyj pr vemcle ceJntrol. Assays performed on' terminal blood sam- 
ple ctempns^^ platelet aggre- 
gabon^d:d«d not cause tombpeytope^ia inany of fceamnWsXa 
not ^wn|Ilef. ^;m7E3jF(ab') 2 was; jadniMstered more frequS 
in rats compared. ;with the, mice, because it bias a much' shorter 



cuculatmg half-life m rats. Approximately 150 Mg/ml of m7E3 
F(ab ) 2 was detected in the mouse serum the day after the last dose 
whereas ~3 /i,g/ml of circulating antibody was measured in the rat 
serum the ^ day after the last dose (data not shown), suggesting that the 

Yet m7E3 F(ab ' ^cpmpletely.preyented growth of preformed tumors 

" J 6 ,^^^ J1 > "tt^y "ad a partial effect in the mouse 
model (Fig. 10), Collectively, these data provide evidence that W 
omed antitumor and antiangipgenic targeting by m7E3 F(ab')„ is 
supenor than antitumor targeting alone. 

DISCUSSION 

„ ?f ff" f^W 'rf ^ ^dy are that platelet GPIIb/nia, and 
endomehaLand tumor cell-e*pressed ov/J3 participate in angi^ene- 
sis, tumor growth, and metastasis; Combined blockade of tlese i» 
ceptors on three cell types was more effective at inhibiting tumor 
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Fig. 1 1. m7E3 FCab')2 inhibits growth of humin melanoma tumors in nude rats. Human 
melanoma ceUs were treated as described in Fig. 10, and they were injected into female 
nude rats. Arrow indicates initiatioh of therapy. A, human melanoma ceils were coinjected 
with m7E3 F(ab') 2 br:yducle ccmtxpl; and therapy was initiated on the:same day. m7E3 
F(ab0 2 at a dose of 6 mg/kg or vehicle control .was injected either 3x/week or 5x/weet 
Each data pouit reptres^nte the mean of 6 animals/group; bars, ± SD. ft human melanoma 
cells were injected ;into nude; rats, and antibody therapy Was initiated 15 days post-tumor 
cell inoculation after mmprs 'had reached a measurable volume of -150 mm 3 . Antibody 
or vehicle control wasimjected from day 15 until diy 35 at a dose of 3 mg/kg (daily i.p. 
injections), and tumor volume measurements were recorded as described in "Materials and 
Methods," Each data point represents :the mean tumor; volume from 5 animals ia i the 
control and 4 animals in the m7E3 PCab'fe^treated group; bars, ± SDJ C final weight of 
tumbrs.excjsed on day 36 from exr^iimeht[described ink Bars represent the mean tumor 
weight from in the :cpntrol (/? = 5) and in the m7E3 FCabOalCn - 4>tieated &buns* 
bars, ± SD. ' 



growth when compared with blockade of a single integrin receptor. 
c7E3 Fab/ wruch binds with equivalent affinity to platelet GPIIbfllla 
and av03, inhibited hun^ melanoma and endothelial cell adhesion, 
migratipn, invasiony. and limg colonization of human melanoma cells 
in=nude mice; I* addition, in7E3 F(ab') 2 inhibited anagenesis and 
gro\vth of human; melanoma tumors in vivo. Collectively, oiir results 
surest that c7H3 -Fab and m7E3 F(ab%; with their multireceptor 
activity possess ^angiogenic and antmei^toUc^ properties. 

^ Teq^ment of: platelets in. henkfojgeieous spread of tumor 
^[^J^P^ alinost 30 years agojand is. reviewed^ in detail 
elsewhere j(l, 3i;r;?2).;men: are shed into the: 

*W* ^j 1 ^^?^ itKey ;^pi%|re<™t:pla^ fojnh tumor ceH- 
r^^tele , t!^^ate)si ptifyi results in ;a tr^i^ldeciease in circuhm% 
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platelet count (15, : 33). Several preclM^ 

onstrated that blockade of platelet GPitb/DIa integrin inhibits lung 
colonization of tumor cells (i5,34).Bybloclrii^tu^ 
avj33 integrin without inhibiting platelet function, c7E3 Fabi in this 
study, dramatically inhibited the metastatic ability of human mela- 
noma cells in SCID mice. In this animal model, c7E3 Fab did not 
cross-react with mouse platelets; therefore, the results demonstrate 
that human melanoma cell-expressed orv/33 integrin participates in 
lung metastasis. 

In addition to facilitating metastasis, platelets can also stimulate 
tumor-induced angiogenesis. Platelet granules contain a variety of 
angiogenic factors such as VEGF that are rapidly secreted on platelet 
activation. Previous studies have revealed mat an increase in platelet 
count is an indicator of poor prognosis in patients with lung and 
ovarian carcinoma (18-20), and platelet-secreted VEGF is inversely 
correlated with survival of patients with cancer (35). Pinedo et aL (12) 
have postulated that a true antiangiogenic agent must target platelets, 
but direct evidence to support this hypothesis is lacking. Our data 
provided novel evidence to support this hypothesis and demonstrate 
that platelets stimulated endothelial sprouting in vitro, and c7E3 Fab 
inhibited this sprouting. Earlier studies demonstrated that c7E3 Fab 
inhibited secretion of VEGF from platelets (15, 16); therefore, it is 
conceivable that VEGF could be contributing to platelet-stimulated 
endothelial cell sprouting. Platelet-secreted VEGF is probably not the 
only factor that stimulates angiogenesis, because platelets also contain 
other growth factors such as TGF-j3 and uirombin (13) that can 
stimulate endothelial cell sprouting, c7E3 Fab inhibits platelet-endo- 
thelial binding (36) and secretion of platelet granules containing 
growth factors (13), which may explain why c7E3 Fab completely 
blocked platelet-stimulated endothelial cell sprouting. This is an im- 
portant finding, because it demonstrates that not just tumor cells, but 
host cells can contribute to tumor angiogenesis. 

In addition to blocking platelet GPIIb/HIa, abciximab also inhibits 
av/33 function. Because ovj33 is an essential receptor for angiogen- 
esis, c7E3 Fab can inhibit endothelial cell proliferation, adhesion, 
migration, invasion, and induce apoptosis of rroliferating ceHs. Hu- 
man melanoma cell-expressed av/33 participates in cell adhesion, 
migration, and invasion, and increase in J33 integrin inversely corre- 
lates with survival of melanoma patients (9, 10). c7E3 Fab completely 
inhibited av03-mediated human melanoma cell adhesion, spreading, 
and invasion. More importantiy, m7E3 F(ab') 2 has direct antitumor 
activity in vivo. Blockade of human melanoma cell-expressed ov)33 
by m7E3 F(ab% without blocking host cell integrin, resulted in a 
partial inhibition of tumor growth in nude mice. Interestingly, com- 
bined blockade of host integrins (platelet GPIIb/IHa and endotheUal 
av£3) and tumor cell-expressed av/33 completely prevented tumor 
formation and growth in nude rats. In this rat xenograft model, which 
mimics the clinical situation, combined antiangiogenic and antitumor 
activity of m7E3 F(ab') 2 was superior at inhibiting tumor growth 
when compared with its antitumor activity in the mouse xenograft 
model. 

Tumor growth and angiogenesis involves multiple integrin recep- 
tors; therefore, mon6specific av)33 antagonists may not be effective at 
inhibiting tumor progression. Agents that block multiple integrin 
receptors may be more effective at inhibiting tumor growth and 
angiogenesis. This study provides novel evidence that combined in- 
hibition of ay/33 and GPHb/nia may be an effective approach to 
inhibiting tumor growth, angiogenesis, and metastasis. 
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